Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  Hbrary  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http  :  //books  .  google  .  com/| 


"^1 


D'S, 


^.^.  ^-r  ■';'«"»• 


/ 


«^5r 


THE 

GEOLOGICAL  MAGAZINE. 


DECADE  III.    VOL.  V. 
JAXUABl  — DECEMBER    1888. 


// 


THE 


I  GEOLOGICAL   MAGAZINE: 

OB, 

win  WHiOB  n  nooftroKATso 

THE     GhEOLOGUST/* 

yos.  ocLxxxiiL  TO  ocxonr. 


•< 


HENET  WOODWAKD,  LL.D.,  F.R.S.,  V.P.G.S.,  P.Z.S.,  F.R.M.8., 

OF  THB  B&inSH  MUSBUM  OF  VATU&AL  HI0TOKT; 

▼ICB-PRB8IDBNT  OF  THB  PAUBONTOGRAPHICAL  SOGIBTT, 

UllIIB  or  TSB  LTOSUK  OV  VATUSAL  KISTOBT,  VBW  TOBK  ;  AJTB  OV  THS  AiniKIOAN  FHILOSOVHIOAft 

■OOXBTT.    PKILASILrBIA ;    KOVOBAMT   XBHBBB   OV   THB   TOBXBHIBB    VHILOSOVHEOAIi 

•OCUTT:   OV  TKB  OBOLO«im'  ABaOOXATIOV,  LOITDOV;    OV  THB  OBOLOOIOAX. 

•0CIBTIB80V  BDUrBUBOHtACiABeOW,  HALCBAZ.  LCyBBBOOC,  AVD  VOB- 

WIOK;  OOBBBIBOBDOIO  MBMBBB  OB  THB  OBOLOOIOAL  800IBTT 

OB  BBLOIUMJ  or  THB  DCBBBIAL  8O0IBTT  OB  VATVBAL 

KIBTOBT OB  MOSCOW;  0BTKBVATUBALHX8T0BT 

tOOIBTT  OB   MOBTBBAL;    AVD   OB  THB 

MALAOOLOeiCAL  ■OOZBTT 

OB  BBIAnXlC 


BT 

EOBEET  ETHEEIDGE,  F.E.S.  L.  &  K,  F.G.8.,  F.C.8.,  Ac, 

or  THB  BBXTUH  MUBBDH  OB  MATUBAL  BX8T0BT. 

WILFEID  H.  HUDLESTON,  M.A.,  F.R.S.,  Sec.G.S. 

AMD 

GEORGE  J.  HINDE,  Ph.D.,  F.G.S.,  &c. 

NEl^   SSHISS.    DSG^DiB    III.     VOL.    V. 
JANUARY— DECEMBER,  1888. 


LONDON: 

TRtJBNER    &    Co.,    57    and    59,    LUDGATE    HILL. 
F.  SAVY,  77,  BOULEVAET  ST.-GEEMAIN,  PARIS. 

1888. 


HERTFORD: 


2110^51 


LIST    OF    PLATES. 

FUTE  PAGB 

I.  Skull  of  Stegosaurus  stenops^  Marsh 1 1 

II.  Spines  of  Stegosaurus  ungulatus  and  S.  sulcatus^  Marsh      ...  1 1 

III.  Spines,  vertebrae  and  plate  of  Diracodon  laticeps^  Marsh  .     •     •     •  1 1 

IV.  Specimens  of  Eozoon  Canadense^  Dawson 49 

V.  Scandinavian  Phyllocarida 97 

VI.              „                „                   146 

VII.  Heterastraa  from  the  Lower  Lias 207 

VIII.  Spitzbergen  Fossil  Sponges       .••• 241 

IX.   Calamites  undulatus^  Stemb 289 

X.  Cyclopterisy  Brong.,  Upper  Coal  Measures,  Yorkshire   .     •     •     •  344 

XI.  j^ger  Brodieif  H.  Woodw.,  L.  Lias,  Wilmcote 385 

XII.  Eryon  antiquus^  Broderip  sp.,  L.  Lias,  Lyme  Regis      .     •     •     •  433 

XIII.  Silurian  Lagena 481 

XIV.  Orbitoidal  Limestone  of  North  Devon 529 


LIST  OF  WOODCUTS. 


PAGE 


G\ilu  ^\ate  of  Sid!gcjaunts  wifgulaius,  Marsh 13 

Cwdil  plate  of         „             „           „             13 

Dowl  plate  of         „             „           „          13 

Mikkddsama  gr^garia^  Nicli. 17 

»»            »i            ft             •     • '® 

Stknipora  cmnpacta^  Billingt        30 

StUnopinra'i  fiiforwUs.^Xvetu 22 

Gvvandla  probUmaiiea^  Nich.  and  Eth.  juiL          23 

Emom  Canadensis  Dawson 50 

Six  Sections  of  Favositoid  Corals 107 

Prism  of  Glancophane 127 

Teeth  of  Phjllopod  Crostaoeans 146 

»»           f»                 »»         ••••••••  140 

SniaU  portion  of  telson  of  C«ra/£0ram  ^if^/Mi •     •  150 

Cidstapora  geom€iricas'EA9r»  9xA.  Haimesp 151 

Thorscic  backler  of  ^r/!iifM&9ii />vf  jar^' 165 

Vertebra  of  Euckirosaurus  RochH 166 

fniriton  pdroUif  Gaudry 167 

lAvmera:g  oi  SUrearhacAis  dominans 167 

Section  of  Pleistocene  Gravel  at  Barnwell 194 

»f           »»              >>             »>        '95 

,9            tt            South  of  Grantchester     ••••••••  196 

„            ,y             at  Harrington 197 

Seven  figiires  illustrating  the  effects  of  Pressure  in  Distorting  Rocks     •     .  219 

Foldings  of  Quartz  Veins  from  Pressure 220 

Sketch-map  of  Mynydd  Mawr  District 223 

Siliceous  sponge  spicules  occurring  in  Archaocyathus  Minganensis     •     •     •  227 

Section  of  a  concentric  mass,  probably  of  organic  origin,  from  Kulu     .     •  256 

Humerus  of  Chslydra        266 

„          ,,  Euclastes  GosseUti • 266 

„          „   ChiUtu 266 

Section  of  Ightham  Stone    ••••... 299 

Section  of  Cave,  after  Mr.  Trimmer 302 

Apparatus  for  nse  in  the  observation  of  Flame  Reactions 314 

Four  Sections  of  Schistose  Rocks 321 


viii  List  of  WoodcutB. 

VAGB 

Ccrtioal  ^trithm  oi  I^isiosaurus  plicatus 351 

Humerus  of  P,  irochanterius         • 354 

Two  Diagrams  to  illustrate "  Outcrops " •     •     •     •     •  357 

Four  Figures  to  illustrate  "  Faults " 355 

Hindeastraa  dUcoide<i^  White 363 

Section  of  Middle  Bagshot  Beds        41 1 

Body-segments  of  Eurypterus  Wilsoni^  H.  Woodw 420 

Restoration  of  Pleuracanthus  Gaudryi^  Brong 423 

Polycheles  eruci/era    • 438 

Peniacheles  ettthrix      ^ 439 

Sketch-section  of  a  cone  truncated  by  a  Crater  formed  around  an  axis 

eccentric  to  the  Original  Cone ^ 44S 

Salterella  pholadiformis        •• •••  454 

Two  sections  of  Actinoceras  Bigsbyi ••••  487 

Three  figures  of        „             „      showing  foramen 489 

Dentition  of  Syneehodus  dubrisUnsis 494 

Intermandibular  Arch  of  Onychodus  anglicus,  A.  .S.  Woodw 50D 

Three  figures  of  porphyntic  quartz,  which  has  undergone  corrosion   •     •     •  90$ 

Figure  of  Ascoceras^  Barrande  ..•••*••••«••  533 

Cypris  cornigtra  and  Candona  Mantdli  •••••«•••••  536 

Prism  for  Testing  the  Double-Refraction  of  BGnerals 549 


THE 

GEOLOGICAL    MAQr^ZINE. 

NEW    SERIES.     DECADE     III.    VOL.'.V. 


Ho.  l.—JASJJAXY,  1888. 


L — ^Thk    Natural   Histoet  of   Lavas  as  Illustrated   by".-; 
THB  Materials  sjboted  from  Erakatoa.* 

By  Prof.  John  W.  Judd,  P.R.S.,  Pres.G.S. 

SHORTLY  after  the  great  voloanio  eruption  at  Erakatoa,  in 
Aagnst,  1883,  the  Royal  Society  appointed  a  Committee  to 
collect  and  sift  the  records  of  that  remarkable  outbreak  and  to  study 
the  effects  which  appear  to  have  resulted  from  it  The  investigation 
of  the  volcanic  phenomena  and  of  the  materials  ejected  from  the 
▼olcano  having  been  committed  to  me,  I  have  been  led  to  some 
conclusions  of  considerable  geological  interest,  the  full  discussion  of 
which  could  scarcely  find  a  place  in  the  report  which  has  been  pub- 
lished by  the  Committee.  It  is  these  general  results  which  I  propose 
to  discuss  in  the  following  communication. 

For  the  opportunity  of  studying  the  different  rocks  of  Krakatoa, 
I  am  indebted  to  many  correspondents  who  have  supplied  me  with 
the  necessary  materials,  and  especially  to  M.  Rene  Breon,  who  visited 
the  volcano  shortly  after  the  eruption. 

The  central  crater  of  Erakatoa  has  always  given  vent  to  lavas  of 
the  same  general  type — namely  pyroxene-andesites,  or  rather,  as 
they  should  perhaps  be  called,  dacites  ;  though  from  a  lateral  vent 
a  great  mass  of  basaltic  lavas  and  tuffs  were  ejected  during  one 
epoch  in  the  past  history  of  the  volcano. 

It  is  the  pyroxene-andesites  to  which  I  especially  desire  to  call 
attention ;  for  their  study,  in  connection  with  that  of  other  rocks  of 
the  same  class,  suggests  a  number  of  very  interesting  generalizations. 
The  pyroxenes  contained  in  these  rocks  belong  to  two  species.  Tlie 
most  abundant  is  one  crystallizing  in  forms  belonging  to  the  ortho- 
rhombic  system,  in  the  composition  of  which  the  base  magnesia 
predominates  over  the  lime;  it  is  &  ferriferous  eristatite  or  hijpersthene. 
The  less  frequently  occurring  pyroxene  is  one  crystallizing  in  forms 
of  the  clinorhombic  system,  in  which  lime  preponderates  over  the 
magnesia :  it  is  a  true  nugite.  Not  only  do  these  two  forms  of 
pyroxene  always  occur  together,  but  they  are  sometimes  found  inter- 
grown  with  their  corresponding  crystallographic  planes  in  parallel 
positions.     From  the  predominating  pyroxene  in  these  rocks  they 

'  A  paper  read  at  the  Meeting  of  the  British  Association  in  Manchester  (September, 
1887). 
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• 
are  frequently  deaistii^od  as  ''  enstatite-andesites  "  or  "  hypersthene- 
andesites." 

Now  these. 'dstdesites   of   Krakatoa    have    been   very  carefully 
invest igatedj*  berth  by  chemists  and  mineralogists,  during   the  last 
four  years/  'The  memoirs  of  Richard,*   Renard,'  Sauer,'  Reusch,* 
Oebbeke,*'*yob*  Lasaulx,*  Carvill  Lewis,'  Joly,®  Breon,"  Waller,*®  and 
especisjiy  df'Verbeek,  Retgers,  and  Winkler,"  leave  us  little  indeed 
to  be  desKed  in  this  respect.     We  have  not  only  a  number  of  inde- 
pendent analyses  of  the  rocks  themselves,  but  also  of  each  of  the 
minerals  contained   in   them;    these  having  been   isolated   by  the 
ve£ned  methods  of  modern  petrography.     Each  of  the  minerals  too 
/jbas*been  submitted  to  searching  optical  investigations,  so  that  there 
-ahe  few  rocks  of  which  we  can  be  said  to  know  the  chemical  oom- 
'.  V  position  and  mineralogical  constitution  more  thoroughly. 

It  very  fortunately  happens  that  there  are  several  other  rocks 
belonging  to  the  same  general  type  which  have  also  been  investigated 
in  the  same  thorough  manner.  Those  that  I  have  especially  chosen 
for  comparison  are  (1)  the  ancient  and  modern  lavas  of  Santorin 
which  have  been  studied  by  Zirkel,  Karl  von  Hauer,"  and  especially 
by  Prof.  Fouque."  (2)  The  lava  of  Buffalo  Peaks,  Colorado,  for  the 
description  of  which  we  are  indebted  to  Mr.  Whitman  Cross  "  of  the 
U.S.  Geological  Survey,  and  (3)  the  more  ancient  but  very  similar 
lavas  of  our  own  Cheviot  Hills,  which  have  been  so  carefully  studied 
and  described  by  Mr.  Teall  *'  and  Dr.  Petersen." 

Now  these  rocks,  coming  from  such  widely  different  localities,  all 
agree  in  the  minerals  of  which  they  are  made  up.  They  all  include 
crystals  of  several  species  of  plagioclastic  felspar,  the  most  basic  or 
those  containing  a  large  per-centage  of  lime  being  very  abundant; 
there  are  in  all  of  them  two  pyroxenes,  namely,  ferriferous  enstatite 
and  augite,  the  former  being  present  in  greatest  quantity ;  and  they 
all  contain  magnetite  with  some  ilmenite.  In  addition  to  the  porphy- 
ritic  crystals  of  these  minerals,  there  is  a  base  or  ground-mass  some- 
times consisting  of  a  nearly  pure  glass,  at  other  times  of  glass  which 
has  undergone  a  greater  or  less  amount  of  devitrification,  whereby  it 
has  passed  into  a  more  or  less  perfectly  stony  mass. 

^  Comptes  RenduB,  Seance  da  19  NoTembre,  1883. 

'  Bull,  de  I'Acad.  Royal  de  Belgique,  3re  ser.  t.  vi.  (1883). 

'  Berichte  der  Naturf.  Gesellsch.  zu  Leipzig,  1883,  p.  87. 

*  Neues  Jahrb.  fiir  Min.  etc.  1884,  bd.  ii. 
»  Ibid.  1884,  bd.  ii.  p.  32. 

*  Sitzg.  d.  niedersch.  Gesch.  in  Bonn,  Sitz.  Tom  3  December,  1883. 
.  '  Proc.  Acad.  Sc.  Philadelphia,  1884,  p.  185. 

*  Roy.  Dublin  Soc.  n.s.  vol.  iv.  p.  291. 
»  "  La  Nature,"  13me.  Annee  (1886),  p.  373. 
>o  Birm.  Nat.  Hist,  and  Microscop.  Soc.  Rep.  and  Trans,  for  1883,  p.  vi  (March, 

1884).  ^'  Erakatau,  pp.  186-324. 

12  Neues  Jahrb.  fiir  Min.  etc.  1866,  p.  769. 
^  Santorin  et  ses  Eruptions,  1870. 
W  Bull.  U.  S.  Geol.  Survey,  No.  1  (1S83). 
w  Geol.  Mao.  Ser.  II.  Vol.  X.  pp.  100-109  and  252-263. 
^  Ifikroscopische  and  Chemifiche  IJntersuchungen  am  Enstaiitporphyrit  aus  den 
'  t  Hillfl,  Kiel,  1884. 
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That  there  is  a  very  great  similarity  in  the  compoBition  of  the 
glassy  basis  of  these  various  rocks  is  shown  by  the  following 
analyses : — 

OlaM  of  Santorin  Olam  of  CbeTiot  rocks  GIbm  of  Krakatoa 

lavA(Foaqae).  (Ebera  in  Petersen).  (Calculated). 

Sflin  wiih  Titanic  acid.        716  ...            711            ...  72-8      (68-8) 

Alimma  16-8  ...            146            ...  14-7       (16-9 

Oxidaioflroii    0-8  ...              3-3            ...  18      (61 

lime    0-8  ...              29            ...  3*4      (  3*8 

Magnesia 07  ...              0-3            ...  1-0      (  1-2 

Sob    7-4  ...              2-4            ...  41       (  51 

PWash 20  ...              5-4            ...  2-2      (  M) 

The  statement  of  these  and  subsequent  analyses  has  been  cal-* 
calated  independently  of  water  and  **  loss  on  ignition,"  not  that  I 
regard  these  volatile  materials  as  being  unimportant,  but  because  the 
methods  adopted  by  different  chemists  for  their  determination  are  so 
tarious,  that  their  inclusion  would  make  the  comparisons  less  satis- 
factory. The  analysis  of  the  Erakatoa-glass  is  calculated  from  the 
bulk  analysis  of  the  pumice,  compared  with  that  of  the  several 
ctystalline  constituents,  the  proportion  of  each  of  these  being  known. 
I  have  placed  in  brackets  besides  this  calculated  analysis  the  actual 
analysis  made  by  Retgers ;  but  concerning  this  last  it  must  be 
remarked  that  it  is  the  analysis  of  the  glass  of  the  dust  which  fell 
nearly  a  hundred  miles  away  from  the  volcano,  from  which  some 
of  the  lighter  particles  had  been  winnowed  out  in  its  passage  through 
the  atmosphere.  Moreover,  it  was  found  impossible  to  separate  the 
finer  grains  of  magnetite  from  this  glass,  so  that,  as  admitted  by  its 
author,  the  silica  is  too  low,  and  the  iron-oxides  too  high.  The 
same  remark  probably  applies,  though  perhaps  in  a  less  degree,  to 
the  analysis  of  the  glass  of  the  Cheviot-rocks. 

A  very  obvious  defect  in  our  modem  methods  of  petrographio 
nomenclature  and  classification  is  that  they  are  based  on  a  qualitative 
and  not  on  a  quantitative  determination  of  the  mineralogical  consti- 
tution of  the  rocks.  When  the  relative  proportions  of  the  mineral 
constituents  of  a  rock  are  taken  into  consideration,  as  well  as  their 
nature,  we  are  led  to  some  very  interesting  considerations. 

At  present,  so  far  as  I  am  aware,  we  have  no  other  simple  method 
available  for  determining  the  relative  proportions  of  the  constituents 
of  a  rock  than  the  one  suggested  by  Sorby,  that  of  drawing  the 
outlines  of  crystals  seen  in  section  under  the  microscope,  and  then 
cutting  out  and  weighing  on  a  delicate  balance  the  portions  of  paper 
representing  each  of  the  minerals.  By  obtaining  a  photograph 
in8tea<l  of  a  drawing  of  the  section,  as  was  suggested  by  the  late 
Sir  Richard  Duintree,  one  source  of  error  in  such  determinations 
may  perhaps  be  removed.  Of  course,  if  we  have  a  bulk-analysis  of 
the  rock,  and  analyses  of  each  of  its  mineral  constituents,  it  is 
possible  to  calculate  the  proportions  which  these  latter  bear  to  one 
another. 

By  a  series  of  determinations  of  this  kind,  checked  in  a  great 
number  of  different  ways,  I  have  convinced  myself  that  the  consti- 
tution of  the  Krakatoa-rock  may  be  represented  as  follows  : — 
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in  one  himdred  parts  bj  weight. 

Glaas     900  ...  (910  ) 

Felspars    6*6  ...  (  6*0  ) 

Enstatite  1-4  ...  (  136) 

Augite  0-6  ...  (  0-64) 

•  Magnetite    1-6  ...  (  100) 

The  estimate  made  by  Retgers,  whioh  I  have  placed  in  brackets 
beside  my  own,  was  based  on  the  study  of  a  dust  which  fell  at 
Buitenzorg.  But  this  material  cannot  exactly  represent  the  original 
rock,  seeing  that  during  the  passage  of  the  dust  through  the  air,  the 
magnetite  and  other  heavy  minerals  tend  to  fall  sooner  than  the 
glass,  while,  on  the  other  hand,  excessively  fine  particles  of  the 
latter  are  left  behind  in  the  atmosphere.  Hence,  the  dust  which 
falls  at  any  particular  point  cannot  possibly  be  taken  as  a  fair 
sample  of  the  whole  mass  of  the  rock. 

The  Erakatoa-rocks,  it  will  be  seen,  consist  of  two  very  distinct 
materials,  a  crystalline  portion  making  up  one-tenth  of  the  whole 
mass,  and  a  colloid  or  glassy  portion  which  forms  no  less  than 
nine-tenths  of  the  whole.  The  chemical  composition  of  the  whole 
rock  and  of  these  two  constituents  is  as  follows  : — 


Compovition  of 

Composition  of  Glass 

Composition  of  Crjstals 

rock. 

.forming  90  % 
rock. 

of 

forming  10  %  of 
rock. 

SiUca  with  Titanic  acid.        70  0 

72-8 

48-7 

Alumina  16*0 

14-7 
1-8 
3-4 

19-3 

Oxides  of  Iron    4*0 

180 

Lime 3*7 

6-9 

Magnesia 1*3 

10 

2-6 

Soda 41 

4-1 

3-8 

Potash 1-9 

2-2 

0-8      . 

Now  all  the  other  rocks,  to  which  I  have  referred,  consist  of  a 
crystalline  and  a  glsussy  portion,  and  these  have  nearly  the  same  com- 
position as  those  two  portions  of  the  Enikatoa-rock.  All  the  rocks 
contain  the  same  minerals,  ielspar,  enstatite,  augite,  and  magnetite; 
the  analyses  of  which  yield  very  similar  results.  In  all  of  them, 
too,  the  relative  proportions  of  these  several  minerals  do  not  appear 
to  be  very  different  from  that  we  have  found  to  exist  in  the  RraJcatoa 
rocks.  I  have  already  shown  that  the  composition  of  the  glass  in 
these  different  rocks  is  not  very  dissimilar.  Nevertheless  the 
ultimate  chemical  composition  of  these  various  rocks,  all  of  which 
are  called  by  petrographers  by  the  same  name  of*'  enstatite-andesite," 
or  ^'hypersthene-andesite,"  is  found  to  differ  in  the  most  remarkable 
manner. 

This  fact  is  illustrated  by  the  following  table : — 


Rock  of  Santorin 

Buffalo 

Cheviot 

Recent  lavas 

Rocks  of 

dykes. 

Peak8  lava. 

rocks. 

of  Santorin. 

Krakatoa. 

Silica     61-8      .... 

...     56-6       .... 

...     64-5     .. 

67-4     .... 

..     70-0 

Alumina    20-1 

,..     16-2       .... 

...     16-3     .. 

14-8     .... 

..     150 

Oxides  of  Iron.     11*6 

...       9-3       ... 

..       61     . 

6-4     .... 

..       4-0 

Lime 11*9 

...       7-8      .... 
...       4-6       .... 

...       4-4     .. 

...       4-2     . 

3-7     .... 

1-0     .... 

3-7 

Mai^uesia  3  4 

Soda  1-1       .... 

1-3 

...       31       .... 

...       3-4     .. 

4-4     .... 

4-1 

Potash  0-1       .... 

..       2-4       .... 

..       3-1     .. 

2-3     .... 

..       1-9 

At  one  end  of  this  series  we  have  a  rock  which  is  baste  in  its 
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oomposition,  at  the  other  end  one  which  is  distinctly  add ;  while 
the  others  may  be  fairly  classed  as  intermediate  between  those  types. 
Yet  all  these  rooks  contain  precisely  the  same  mineral  constituents, 
md  the  differenoe  in  their  chemical  composition  is  clearly  due  to  the 
▼eiy  different  proportions  in  which  their  more  basic  constituents, 
the  porphyritic  crystals,  are  mingled  with  the  acid  material,  the 
enveloping  glass. 

Of  ooarse  any  variations  in  the  relative  proportions  of  the  different 
felipars,  pyroxenes  and  of  magnetite  will  to  some  extent  modify  the 
ultimate  chemical  composition  of  the  rocks ;  but  I  am  convinced 
that  in  all  these  rocks  the  proportion  of  the  several  minerals  to  one 
another  does  not  vary  very  greatly ;  in  all  of  them  felspar-crystals 
greatly  predominate  over  the  pyroxenes  and  magnetite;  and  among 
the  pyroxenes  the  orthorhombic  enstatite  is  almost  always  more 
ibandant  than  the  clinorhombic  augite. 

Assuming,  what  is  certainly  not  far  from  the  truth,  then,  that  the 
erystalline  and  glassy  portions  of  these  rocks  have  respectively  the 
nine  composition  in  all  of  them,  we  can  calculate  from  the  data 
before  us  the  relative  proportions  of  the  crystalline  and  glassy 
portions  of  each  of  these  rocks.    The  result  is  as  follows  : — 

GlaMV  base  Crystalline  portion 

(parts  m  100).  (parts  in  100). 

Most  basic  dykes  at  Santoiin   10  90 

Other  dykes  at  Santorin   10—35  90—65 

Buffalo  Peaks  lava    33J  66| 

Cheviot-rocks    66  34 

Recent  layas  of  Santorin 80  60 

Lavas  of  Krakatoa    90  10 

It  will  he  seen  that  at  one  end  of  the  series  we  have  the  crystalline 
constituent  nine  times  more  abundant  than  the  glass,  and  at  the 
other  end  the  glass  nine  times  as  abundant  as  the  crystalline  con- 
stituent. But  in  spite  of  this,  the  rocks  according  to  the  ordinary 
•ystem  of  nomenclature,  based  on  mineralogical  constitution,  must  be 
called — and  indeed  have  been  called — by  the  same  name,  that  of 
**  hypersthene-andesite"  or  '*  enstatite-andesite." 

Let  us  now  turn  our  attention  to  another  remarkable  set  of  facts 
with  respect  to  these  lavas  of  Krakatoa.  It  is  a  very  striking 
circumstance  that  all  the  materials  ejected  from  the  central  vent  of 
Krakatoa  agree  in  a  very  marked  manner  in  their  chemical  com- 
position and  mineralogical  constitution,  both  qualitatively  and  guanti' 
tatively.  They  all  contain  about  70  per  cent,  of  silica,  and  are 
composed  of  90  per  cent,  of  base,  with  ten  per  cent,  of  porphyritic 
crystals ;  these  last  consisting  of  plagioclase  felspar,  enstatite,  augite 
&nd  magnetite,  always  in  nearly  the  same  relative  proportions. 

Nevertheless,  while  presenting  this  almost  absoluto  identity  in 
cbemical  and  mineralogical  constitution,  we  find  among  these  pro- 
ducts of  Krakatoa  three  distinct  types  of  materials — exhibiting  the 
^08t  striking  differences  in  their  physical  characters  and  in  the 
^ode  of  their  behaviour  during  ejection.  These  differences  are  seen 
to  be  dependent  on  peculiarities  presented  by  the  base  or  ground- 
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mass  of  the  rooks,  the  crystalline  or  porphyritio  portions  being  the 
same  in  all  three  types. ^ 

In  most  of  the  older  ejections  the  base  is  of  a  dull  reddish-gre^ 
tint,  and  stony  texture.  Under  the  microscope  the  glass  of  the  base 
is  seen  to  have  undergone  a  great  amount  of  devitrification,  and  tc 
be  filled  by  a  mesh  of  microlites  of  felspar,  pyroxene,  hornblende 
and  iron-oxides,  between  which  minute  portions  of  the  glassy  base 
are  left  Frequently  this  base  is  cavernous,  and  in  such  cases  the 
cavities  are  lined  with  beautiful  crystallizations  of  quartz,  tridymite 
and  hornblende.  These  are  probably  the  results  of  secondary 
alteration.  The  fact  of  water  having  percolated  through  the  rock 
is  shown  by  the  more  or  less  complete  conversion  of  the  magnetite 
into  hydrated  ferric  oxide. 

Associated  with  this  porphyritic  stony  lava,  we  find  a  second  type 
of  rock,  the  base  of  which  is  of  a  jet-black  colour  and  resinouE 
lustre.  This  beautiful  velvety  black  rock  is  an  admirable  example 
of  a  porphyritic  pitchstone,  and  strikingly  resembles  the  rock  of  the 
Cheviot  Hills  and  some  of  the  Santorin  lavas.  The  base  contains 
fewer  microlites,  but  is  crowded  with  crystallites,  both  belonites  and 
trichites,  and  these  not  unfrequently,  according  to  Eetgers,  form  the 
variety  of  spherulites  called  by  Rosenbusch  "  felso-spherites."  The 
rock,  moreover,  often  exhibits  a  fluidal  structure. 

In  the  third  type  of  rock  occurring  at  Krakatoa,  we  find  the 
porphyritic  crystals  still  the  same,  but  embedded  in  an  almosi 
perfect  glass,  which  is  of  a  rich  amber-brown  colour  when  seen  ir 
large  fragments,  but  almost  colourless  in  thin  sections  by  transmittec 
light.  This  rock  has  been  called  a  porphyritic  obsidian.  Under  the 
microscope,  the  glassy  base  of  this  rock  is  found  to  contain  only  c 
very  few  widely-scattered  microlites  and  crystallites. 

But  the  most  striking  difference  between  the  base  or  ground-mast 
of  these  three  types  of  lava  becomes  apparent  when  they  are  sub- 
jected to  high  temperatures.  If  a  fragment  of  the  stony  lava  or  o: 
the  pitchstone  be  acted  upon  by  a  strong  blowpipe-jet,  urged  by  i 
foot-bellows,  it  may  be  rendered  white-hot  without  exhibiting  signt 
of  fusion.  But  if  we  treat  a  fragment  of  the  obsidian  in  the  same 
way,  we  shall  find  that  on  approaching  a  white  heat,  it  begins  tc 
melt,  and  in  doing  so  swells  up  into  a  cauliflower-like  mass,  five  01 
six  times  the  size  of  the  originaL  When  this  mass  is  cooled  anc 
examined,  it  is  found  to  be  a  dirty  brownish-white  pumice,  identical 
in  all  its  characters  with  the  material  that  was  thrown  out  in  sucl 
vast  quantities  during  the  last  great  eruption  of  Krakatoa.  Thif 
identity  in  character  is  seen  to  be  even  more  marked  if  we  make 
thin  sections  of  the  natural  and  of  the  artificial  products,  anc 
examine  them  under  the  microscope.  In  its  behaviour  the  obsidiai: 
of  Krakatoa  behaves  indeed  precisely  like  the  Marekanite  of  Okhota 
and  a  glassy  rock  from  Fife  which  I  have  previously  described.' 

^^^  In  the  Report  on  "Krakatoa"  by  the  Royal  Society  Committee,  plates  ii.  am 
lit  are  devoted  to  the  illustration  of  the  characters  of  the  rocks  of  Krakatoa  ai 


exhibited  in  micros<^opic  sections. 
>  Geol.  Mao.  Dec.  111.  Vol.  III.  (1886),  p.  243.    Quart  Joum.  GeoL  Soc.  vol 
'-•  (1886),  p.  429. 


Trof.  J.  W.  Judd—The  Lavas  of  Krakatoa.  7 

In  all  these  oases  it  is  clear  that  the  rocks  contain  a  oonsiderahle 
proportion  of  volatile  materials,  which  are  given  off  at  a  high 
temperature. 

When  we  come  to  study  the  several  varieties  of  the  lava  of 
Krakatoa  in  the  field,  we  are  struck  hy  remarkable  differences  in  the 
mode  in  which  they  must  have  behaved  while  in  a  liquid  condition. 
The  stony  lava  and  the  pitchstone  it  is  seen  were  extruded  in  massive 
lava-streams  with  an  almost  total  absence  of  pumice  or  sconsd ;  the 
obsidian,  on  the  other  hand,  was  almost  wholly  distended  into  a 
pumice,  throughout  which  the  porphyritic  crystals  of  the  rock  are 
found  entangled.  It  is  evident  that  every  part  of  the  glass  has  been 
impregnated  with  the  volatile  constituents,  which  by  their  escape 
have  caused  its  conversion  into  pumice,  for  the  whole  of  the  glass  is 
drawn  out  into  the  finest  rods  and  plates ;  indeed,  it  is  only  in  the 
case  of  small  fragments  which  have  been  suddenly  cooled  before  the 
volatile  ingredients  have  been  permitted  to  escape,  that  we  are  able 
to  judge  of  the  characters  of  the  glass  from  which  the  pumice  was 
formed  By  cutting  blocks  of  pumice  of  definite  size,  and  comparing 
their  weight  with  that  of  masses  of  glass  of  the  same  size  (this 
being  easily  determined  when  the  specific  gravity  of  the  glass  is 
known),  I  have  been  able  to  calculate  the  amount  of  distension 
which  has  taken  place  in  the  glass  during  its  conversion  into  pumice. 
The  more  compact  varieties  of  pumice  have  3^  times  the  bulk  of  the 
glass  from  which  they  were  formed ;  in  the  more  common  looser 
varieties  the  distension  has  been  at  least  5^  times  the  original ;  and 
in  some  varieties  the  bulk  of  the  air-cavities  is  7,  8  or  even  9  times 
that  of  the  enclosing  glass. 

The  stony  lavas  and  the  pitchstones  differ  mainly  in  the  amount 
of  devitrification  which  the  glassy  base  has  undergone.  And  this 
we  have  every  reason  to  believe  was  determined  by  the  rate  at  which 
cooling  took  place.  We  find  indeed  every  gradation  between  the 
one  type  and  the  other,  just  as  we  do  in  the  Cheviot  Hills ;  at 
Steerhope,  near  Yetholm,  in  that  district,  a  great  lava-stream  may 
be  seen,  the  central  portion  of  which  consists  of  a  stony  rock,  while 
the  superficial  layers  graduate  into  well-known  pitchstone.  There 
can  be  little  doubt  that,  in  the  same  way  at  Krakatoa,  the  more 
rapidly  cooled  portions  of  the  stony  lava  have  formed  the  porphy- 
ritic pitchstone. 

But  the  obsidian  of  Krakatoa  presents  many  very  striking 
differences  from  the  other  two  kinds  of  rock  ;  and  for  some  of  these 
the  more  easy  fusibility  of  its  base  affords  a  ready  explanation. 
Thus,  little  knots  of  the  pitchstone  are  often  found  scattered  through 
the  obsidian ;  and  in  the  pumice  formed  from  the  obsidian  these 
stand  out  in  relief  upon  the  abraded  surfaces,  in  the  same  way  as  do 
the  porphyritic  crystals.  Now  when  such  knots  of  pitchstone  are 
examined  microscopically,  the  felspars  in  them  are  found  to  have 
undergone  a  most  wonderful  amount  of  corrosion ;  often  the  larger 
part  of  their  bulk  has  been  redissolved  in  the  heated  magma  in 
which  they  have  been  enveloped,  they  are  completely  honeycombed, 
and  sometimes  reduced  to  mere  skeletons. 


8  Trof,  J,  W.  Judd —  The  Lavas  of  Krakatoa. 

Those  who  regard  the  bulk-analysis  of  an  igneoos  rook  f 
necessarily  representing  the  composition  of  the  magma  out  of  whic 
the  minerals  which  compose  it  have  separated,  and  who  furth< 
consider  the  successive  crops  of  crystals  formed  in  a  rock  as  beii 
determined  by  the  alteration  in  the  composition  of  the  residu 
magma  by  the  constant  separation  of  the  basic  minerals  from,  it  wi 
find  it  difficult  to  harmonize  such  views  with  the  facts  presented 
us  at  Krakatoa. 

It  is  difficult,  in  the  first  instance,  to  account  for  the  separation  ( 
precisely  the  same  minerals,  the  felspars,  pyroxenes  and  magnetit 
in  magmas  of  such  diverse  composition  as  is  represented  in  tl 
third  table  on  page  4.  On  the  other  hand,  it  is  a  significant  oiroun 
stance  that  the  glass  of  the  Erakatoa-lavas  is  sometimes  foun 
without  the  porphyritic  crystals;  pumice  formed  of  this  glai 
without  any  enclosed  crystals  was  certainly  erupted  during  tl 
eruption  in  May,  1 883.  Similar  facts  are  recorded  by  Fouque  i 
the  case  of  the  Santorin  lavas.  It  must  be  remembered,  too,  that  tl 
whole  of  the  lavas  of  Krakatoa,  and  perhaps  of  all  the  volcanoes  c 
the  line  of  cross  fissure  upon  which  it  is  situated,  are  of  an  exception! 
character;  the  ordinary  enstatite-andesites  of  Java  containing  on] 
about  65  to  62  per  cent,  of  silica,  and  having  a  much  smaller  pr 
portion  of  glass  to  the  porphyritic  crystals.  In  Santorin,  too,  ii 
have  the  same  difference,  though  somewhat  less  marked,  betwec 
some  of  the  older  and  deep-seated  dykes  and  the  modem  lavas  < 
the  volcano. 

All  of  these  facts  point  to  the  conclusion  that  after  the  partii 
separation  of  a  mtigma  into  crystals  and  a  colloid  residue,  the  two  ms 
be  separated  by  a  process  of  liquation,  and  subsequently  beoon 
mingled  again  in  varying  proportions.  I  need  scarcely  point  oi 
that  the  condition  of  many  porphyritic  crystals — eroded,  broken,  < 
frayed  out  in  the  magma  in  which  they  lie — are  strongly  suggesti^ 
of  the  same  conclusion.  These  porphyritic  crystals  indeed  hai 
often  the  appearance  of  foreign  materials  which  have  been  caugl 
np  by  the  magma  in  which  they  are  now  found. 

It  is  a  significant  circumstance  that  the  Krakatoa-rocks,  and  th 
is  true  of  many  other  rocks  of  the  same  class,  do  not  appear  to  ha^ 
their  porphyritic  crystals  scattered  quite  at  hazard  through  the 
mass.  On  the  contrary,  the  felspars,  pyroxenes  and  magnetite  ai 
seen  to  form  little  knots  often  intercrystallized  in  the  midst  of  tl 
vitreous  base.  In  this  respect,  there  is  an  approach  to  the  struct ui 
for  which  I  have  proposed  the  name  of  "  glomero-porphyritic,"  i 
which  we  find  what  looks  like  the  association  of  minerals  typical  < 
one  class  of  rock  scattered  through  a  rock  of  a  totally  different  clas 
In  the  typical  example  of  the  kind  which  I  have  described  fragmen 
of  troctolite  appear  as  if  scattered  through  an  ophitic  dolerite. 

In  the  case  of  the  plutonic  rocks  of  the  Western  Isles  of  Scotlan* 
I  have  shown  how  frequently  one  or  other  of  the  constituents  of 
magma  may  segregate  locally  so  as  to  give  rise  to  a  variety  of  roc 
in  which  this  mineral  predominates.  In  this  way  gabbros  are  foun 
graduating  in  places  into  rocks  essentially  composed  of  oiivin 
pyroxene,  or  felspar. 
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If,  as  the  consideration  of  these  rocks  at  Krakatoa  so  strongly 
snggests,  the  minerals  crystallized  oat  of  a  magma,  and  the  residuum 
of  mixed  silicates  can  be  separated  to  a  greater  or  less  extent,  and 
then  recombined  in  fresh  proportions,  we  have  an  explanation  of  the 
ejection  from  the  same  vent  of  materials  differing  most  widely  in 
their  ultimate  chemical  composition,  though  presenting  curious 
peculiarities  in  the  enclosed  minerals  which  are  common  to  all  of 
them. 

It  is  almost  impossible  to  study  the  older  and  more  recent  ejections 
from  Krakatoa  without  being  driven  to  consider  the  possibility  of 
the  latter  as  having  been  to  a  great  extent  formed  by  the  refusion  of 
the  former.  Indeed  the  existence  of  knots  of  the  unfused  black 
glass  in  the  midst  of  the  modern  pumices,  and  portions  of  the  same 
material  clinging  to  the  crystals  embedded  in  the  recent  obsidian, 
seem  to  render  the  fact  of  this  refusion  all  but  certain.  How  this 
refusion  might  have  been  brought  about,  a  few  very  simple  considera- 
tions will,  I  think,  enable  us  to  understand. 

The  late  Dr.  Frederick  Guthrie,  whose  early  death  was  so  great 
a  loss  to  science,  was  engaged  in  a  number  of  researches  which  have 
a  very  important  bearing  on  questions  of  petrogeny,  and  are  of 
great  suggestiveness  to  the  geologist.  Solutions  of  various  salts 
when  cooled  down  are  found  to  yield  successive  crops  of  crystals  of 
ice  or  of  the  salt,  until  at  last  the  remaining  mixture  of  the  two 
substances  in  a  definite  proportion  are  left  behind,  forming  the 
bodies  to  which  Dr.  Guthrie  gave  the  name  of  Cryohydraies.  He 
subsequently  showed  that  mixtures  of  metals  or  of  salts  behave  in 
the  same  way  when  reduced  to  liquid  condition  by  heat,  and  for 
those  substances,  compounds  which  separate  out  like  the  cry ohyd rates 
from  a  solution,  he  proposed  the  name  of  Euiectic  bodies  or  Eutectica, 
The  chief  characteristics  of  these  bodies  is  the  lowness  of  their 
temperature  of  fusion. 

Dr.  Guthrie  himself  clearly  saw  the  importance  of  these  considera- 
tions to  the  geologist.  We  are  continually  dealing  with  mixtures  of 
salts  (silicates)  from  which  a  number  of  definite  crystallized  bodies 
have  separated  out,  till  at  last  a  residuum  is  left  which  consolidates 
at  a  lower  temperature  than  any  of  them.  The  determination  of  the 
nature  and  composition  of  these  eutectic  silicates  is  a  problem  of  the 
very  greatest  interest  to  petrologists.  In  a  still  later  memoir,  one  of 
the  last  which  he  wrote,  Dr.  Guthrie  attacks  a  closely  related  question 
which  is  of  even  greater  interest  and  importance  to  the  geologist. 
That  water  plays  an  important  part  in  the  liquefaction  of  the  igneous 
masses  of  the  Earth's  crust  has  been  maintained  by  Scrope,  Scheerer, 
Bischof,  Daubree,  and  many  other  observers,  and  cannot,  indeed,  be 
doubted  by  any  one  who  has  studied  the  phenomena  attending  the 
extrusion  of  lavas  from  a  volcanic  vent.  But  as  to  the  exact  r6le 
played  by  the  water  in  such  molten  masses,  there  has  been  much 
difference  of  opinion,  and  the  researches  of  Guthrie  are  of  the  greatest 
importance,  as  throwing  new  light  on  this  very  interesting  question. 

The  influence  of  the  presence  of  water  in  lowering  the  fusion 
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points  of  yarious  salts  is  a  qaestion  which  was  very  carefully  investi- 
gated by  Guthrie.  He  showed  that  a  certain  mixture  of  the  nitrates 
of  lead  and  potash  had  its  fusion-point  reduced  from  3°  to  4°  C.  by 
the  introduction  into  it  of  a  quantity  of  water  equal  to  rJ-jth  part  of 
its  weight.  Still  more  striking  are  the  results  obtained  by  the  study 
of  the  fusion-point  of  nitre  as  influenced  by  the  presence  of  water. 
The  following  table  abridged  from  that  given  by  Dr.  Guthrie  will 
serve  to  explain  this  subject : — 

Fusion-points  op  Mixtures  op  Nitrb  and  "Water. 


Nitre. 

Water. 

Fusion-pointa. 

00 

0 

... 

320*'      C. 

98-86 

114 

••• 

300°      „ 

95  11 

4-89 

••• 

262*»     „ 

89-94 

1006 

••• 

201**     „ 

84-69 

15-31 

*• . 

151**     „ 

70-14 

20-86 

.•« 

123<'     „ 

7502 

24  08 

... 

115°     „ 

7003 

29  07 

*•• 

97°-6  „ 

There  is  no  question  here  of  the  formation  of  definite  compounds 
of  nitre  and  water,  but  in  the  words  of  Dr.  Guthrie  "  fused  nitre 
and  fused  ice  are  miscible  in  all  proportions,"  the  result  of  the 
increase  of  water  being  a  proportional  lowering  of  the  fusion-points. 
"  The  phenomenon  of  fusion  "  is  shown  by  Guthrie  to  be  "  nothing 
more  than  an  extreme  case  of  liquefaction  by  solution."  Indeed,  it 
is  impossible  to  define  where  solution  ends  and  fusion  begins ;  when, 
for  example,  one  part  of  water  is  present  in  BBB  parts  of  a  salt,  it 
would  be  hard  to  consider  the  latter  as  dissolved  in  the  former. 

Now  it  is  impossible  to  doubt  for  one  moment  that  the  presence 
of  water  has  the  same  effect  on  the  fusion-points  of  mixed  silicates 
that  it  has  on  other  salts,  though  owing  to  the  high  temperatures  and 
pressures  required,  experiments  on  these  are  more  difficult  than  in 
the  case  of  salts  of  more  easy  fusibility.  The  Zeolites  consist  of 
mixtures  of  silicates  of  alumina  and  of  the  alkalies  or  lime,  in  the 
same  proportions  as  in  the  Felspars ;  but  while  the  former  contmn 
water,  the  latter  are  anhydrous;  as  is  well  known,  the  Zeolites 
fuse  at  much  lower  temperatures  than  the  Felspars.  Nor  is  this  true 
only  of  definite  compounds  as  is  shown  by  studying  the  fusibility  of 
such  indefinite  mixtures  of  silicates  and  water  as  the  tachylytes, 
hydrotachylytes,  palagonites,  etc. 

The  consideration  of  these  points  leads  to  a  clearer  understanding 
of  the  method  of  action  of  water  in  volcanic  vents.  That  there  are 
serious  objections  to  the  notion  of  water  giving  rise  to  volcanic 
eruptions  by  finding  its  way  through  open  fissures  to  masses  of 
incandescent  lava,  has  been  pointed  out  by  Scrope  and  other  authors; 
and  Daubree  and  others  have  advocated  the  gradual  percolation  of 
water  through  the  interstices  of  solid  rock-masses  as  being  an 
agency  more  in  accordance  with  the  phenomena  observed.  But  it 
has  always  been  considered  necessary  to  assume  a  considerable  rise 
in  the  temperature  of  the  subterranean  mass  as  one  of  the  exciting 
causes  of  a  volcanic  outburst. 

A  careful  consideration  of  the  results  arrived  at  by  Dr.  Guthrie's 
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researches  serves  to  convinoe  ns,  however,  that  such  rise  of 
temperature  is  hy  no  means  a  necessary  prelude  to  a  volcanic  out- 
burst, but  that  the  percolation  of  water  to  a  centre  of  igneous 
activity  is  in  itself  sufficient  to  serve  as  an  exciting  cause.  If  we  were 
to  imagine  a  mass  of  solid  nitre  lying  at  some  depth  within  the 
earth's  crust,  and  having  a  temperature  of  260®  C,  such  a  mass 
would  be  solid  and  inert.  But  if,  without  raising  the  temperature,  a 
quantity  of  water,  equal  to  five  per  cent  of  the  weight  of  the  nitre, 
were  introduced  into  it,  then  the  whole  would  become  liquid  and 
the  tendency  of.  the  heated  water  to  relieve  itself  from  the  pressure 
might  give  rise  to  all  the  phenomena  of  a  volcanic  outburst  What  is 
true  of  nitre  is  equally  true  of  the  mixed  silicates  composing  lavas, 
which  are  at  much  higher  temperatures.  The  admission  of  water  to 
such  a  mass  of  mixed  silicates  at  a  temperature  below  its  point  of  fusion 
would  cause  it  to  become  liquid  and  thus  give  rise  to  the  phenomena 
of  eruption.  In  the  case  of  the  Krakatoa-lavas,  the  anhydrous 
varieties  probably  existed  quite  solid  at  tolerably  high  temperatures ; 
hut  the  gradual  percolation  of  water  into  their  mass  (and  the 
evidences  of  such  percolation,  are  seen  in  the  hyd rated  condition  of 
the  minerals  composing  it)  would  render  the  whole  liquid,  without 
the  necessity  for  any  rise  in  temperature. 


n. — The  Skull  and  Dermal  Armour  of  Stegosaurus. 

By  Professor  0.   C.  Marsh,  Ph.D.,  LL.D. 

(PLATES  I.  II.  III.) 

IN  various  numbers  of  the  "  American  Journal  of  Science,"  the 
writer  has  given  the  more  important  characters  of  the  skeleton 
of  the  Steyosauria,  and  has  indicated  the  relations  of  this  group  to 
the  other  known  Dinosauria,^  The  discovery  of  additional  specimens 
of  Stegosaurus,  one  of  them  nearly  complete,  furnishes  material  to 
greatly  enlarge  our  knowledge  of  the  skull  and  dermal  covering  of 
this  genus,  and  some  of  the  new  facts  are  given  in  the  present 
article. 

The  results  of  the  entire  investigation  of  this  group  will  be 
brought  together  in  a  monograph  now  in  preparation,  by  the  writer, 
for  the  United  States  Geological  Survey.  The  lithographic  plates  for 
this  volume,  sixty-five  in  number,  are  nearly  all  printed,  and  the 
figures  of  the  skull  here  given  are  taken  from  these  plates. 

The  Skull.     (Plate  I.) 

The  skull  of  Stegosaurus  is  long  and  slender,  the  facial  portion 
being  especially  produced.  Seen  from  the  side,  with  the  lower  jaw 
in  position,  it  is  wedge-shaped,  with  the  point  formed  by  the  pre- 
maxillary,  which  projects  well  beyond  the  mandible,  as  shown  in 
Fig.  1,  Plate  I.  Tlie  anterior  nares  (a)  are  large,  and  situated  far 
in  front.     The  orbit  (6)  is  very  large,  and  placed  well  back.     The 

*  "American  Jouraal  of  Science,"  vol.  liv.  p.  613,  Dec.  1887 ;  vol.  lii.  p.  253, 
March,  18x0;  vol.  ixi.  p.  167,  Feb.  1881;  vol.  xxiii.  p.  »3,  Jan.  1882;  and 
▼ol.  ixiv.  p.  410,  Nov.  1887. 
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lower  temporal  fossa  («)  is  somewhat  smaller.  All  these  openmgs 
are  oval  in  outline,  and  are  on  a  line  nearly  parallel  with  the  top  of 
the  skull.     In  this  view,  the  lower  jaw  covers  the  teeth  entirely. 

Seen  from  above,  as  shown  in  Fig.  3,  Plate  I.,  the  wedge-shaped 
form  of  the  skull  is  still  apparent.  The  only  openings  visible  are 
the  supra-temporal  fosssd  {e).  The  premaxillary  bones  (pm)  are 
short  above,  but  send  back  a  long  process  below  the  narial  orifice. 
The  nasal  bones  (n)  are  very  large,  and  elongate.  They  are 
separated  in  front  by  the  premaxUlaries,  and  behind,  by  anterior 
projections  from  the  frontal  bones.  The  prefrontals  {pf)  are  large, 
and  are  placed  between  the  nasals  and  the  prominent,  rugose  supra- 
orbitals («o).  The  frontals  are  short,  and  externally  join  the  post- 
frontals  {fp).  The  parietals  are  small,  and  closely  coossified  with 
each  other. 

Viewed  from  in  front,  the  skull  and  mandible  present  a  nearly 
quadrate  outline  (PI.  I.  Fig.  2),  and  the  mutual  relations  of  the 
facial  bones  are  well  shown.  In  this  view  is  seen,  also,  the  predentarj 
bone  {pd)y  a  characteristic  feature  of  the  mandible  in  this  genus. 
The  lateral  aspect  of  this  bone  is  shown  in  Fig.  1. 

The  teeth  in  this  genus  are  entirely  confined  to  the  maxillary  and 
dentary  bones,  and  are  not  visible  in  any  of  the  figures  here  given. 
They  are  small,  with  compressed,  fluted  crowns,  which  are  separated 
from  the  roots  by  a  more  or  less  distinct  neck.  The  premaxillary 
and  the  predentary  bones  are  edentulous. 

The  present  skull  belongs  to  the  type  specimen  of  a  very  distinct 
species,  which  the  writer  has  called  Stegosaurus  stenops.  The  skull 
and  nearly  complete  skeleton  of  this  specimen,  with  nearly  all  the 
dermal  armour  in  place,  were  found  almost  in  the  position  in  which 
the  animal  died. 

This  animal  was  much  smaller  than  those  representing  the  other 
species  of  this  genus.  Its  remains  were  found  in  the  Atlantosaurus 
beds  of  the  Upper  Jurassic,  in  Southern  Colorado.  In  this  geological 
horizon,  all  the  known  American  forms  of  Stegosauria  have  been 
discovered. 

Tub  Dermal  Abmour. 

The  osseous  dermal  covering  of  Stegosaurus  was  first  described 
by  the  writer  from  specimens  found  associated  with  several  skeletons, 
but  not  in  place,  and  hence  the  position  of  the  various  parts  was  a 
matter  of  considerable  doubt  Subsequent  discoveries  have  shown 
the  general  arrangement  of  the  plates,  spines,  and  ossicles,  and  it  is 
now  evident  that,  while  all  the  group  were  apparently  well  pro- 
tected by  offensive  and  defensive  armour,  the  various  species,  and 
perhaps  the  sexes,  differed  more  or  less  in  the  form,  size,  and  number 
of  portions  of  their  dermal  covering.  This  was  especially  true  of 
the  spines,  which  are  quite  characteristic  in  some  members  of  the 
group,  if  not  in  all. 

The  skull  was  evidently  covered  above  with  a  comparatively  soft 
integument  The  throat  and  neck  below  were  well  protected  by 
■mall,  loanded  and  flattened  ossicles  having  a  regular  arrangement 
tibiok  skin.    One  of  these  ossicles  is  shown  in  Woodcut  Fig.  1. 
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The  npper  portion  of  the  neck,  baok  of  the  skull,  was  protected  b; 
plates,  arranged  in  pairs  on  either  siile.  These  plates  increased  in 
aize  farther  back,  and  thus  the  tmnk  was  shielded  from  injury. 


® 


e 


From  the  pelvic  region  backward,  a  series  of  huge  plates  stood 
Qpright  aloug  the  niediaa  line,  gradually  diminishing  in  size  to  about 
tbe  middle  of  the  tail.     One  of  these  is  shown  in  Woodcut  Fig.  3. 


Pta.  2. — Caudal  plate  of  Bams  individual;  n,  sids  riew;  b.  end  view  of  hase  ; 
e,  Tiew  of  opposite  side;  d,  thin  margin;  t,  rugose  buse;  /,  and  J",  surface 
marked  bj  vaacular  grooves. 

Some  of  tbe  epecies,  at  least,  had  somewhat  similar  plates  below  the 
base  of  tbe  tail,  and  one  of  these  houes  is  represented  in  Woodcut 
Fig.  2. 


—Dorsal  plate  of  same  individual ;  a,  right  side;  *,  thick  basal  margin  ; 
c,  left  side;  other  letters  as  in  last  figure, 
e-twelftt  natural  size. 


The  offensive  weapons  of  this  group  were  a  series  of  huge  spines 
arrsnged  in  pairs  along  tbe  top  of  the  distal  portion  of  the  tail, 
which  was  elongate  and  flexible,  thus  giving  effective  service  to  the 
Bpines.  as  in  the  genus  MijliobnlU. 

In  Slegotanrm  nngulatm,  there  were  four  pairs  of  these  spines, 
diatinishing  in  size  backward-     Two  of   the   larger  of  these  are 


14  Prof,  0.  C.  Marsh — On  Siegosaurua, 

shown  on  PI.  II.  Figs.  2  and  3.     In  some  other  forms  there  were 
three  pairs,  and  in  S,  stenops  but  two  pairs  have,  as  yet,  been  found. 

In  one  large  species,  Stegosaurus  sulcatus,  there  is  at  present 
evidence  of  only  one  pair  of  spines.  These  are  the  most  massive  of 
any  yet  found,  and  have  two  deep  grooves  on  the  inner  face,  which 
distinguish  them  at  once  from  all  others  known.  One  of  these 
grooved  spines  is  represented  on  PI.  II.  Figs.  4,  6,  and  6. 

The  position  of  these  caudal  spines  with  reference  to  the  tail  is 
indicated  in  the  specimen  figured  on  PI.  III.,  which  shows  the 
vertebrae,  spines,  and  plate,  as  found. 

The  American  genera  of  the  Stegosaurta  now  known  are  Stegosaurus^ 
Eypsirhophus  and  Diracodon,  Of  the  former  there  are  several  well- 
marked  species  besides  S,  armatus,  the  type.  Of  the  latter  genus 
but  one  is  known  at  present,  Diracodon  laticeps,  the  remains  of 
which  have  hitherto  been  found  in  Wyoming  at  a  single  locality 
only,  where  several  individuals  referred  to  this  species  have  been 
discovered.  Aside  from  the  form  of  the  skull,  these  specimens 
have  in  the  fore  foot  the  intermedian  and  ulnar  bones  separate, 
while  in  Stegosaurua  these  carpals  are  firmly  coossified. 

All  the  known  American  forms  appear  to  have  the  second  row  of 
oarpals  unossified,  and  five  digits  in  the  manus.  In  the  hind  foot, 
the  astragalus  is  always  coossified  with  the  tibia,  even  in  very  young 
specimens,  while  the  calcaneum  is  sometimes  free.  The  second  row 
of  tarsals  is  not  ossified  in  any  of  the  known  specimens.  Only  four 
digits  in  the  hind  foot  are  known  with  certainty,  and  one  of  these 
is  quite  small.  All  forms  have  at  least  three  well-developed  meta- 
tarsals, which  are  short  and  massive,  but  longer  and  much  larger 
than  th*^  metacarpals.  Most  of  the  bones  originally  referred  to  the 
hind  foot  of  Stegosaurus  ungulatua,  and  figured  as  such  (Amer.  Joum. 
Sci.  vol.  xxi.  pi.  viii.),  although  found  with  the  posterior  extremities, 
subsequently  proved  to  belong  to  the  fore  foot  of  another  larger 
species. 

In  one  large  specimen,  of  which  the  posterior  half  of  the  skeleton 
was  secured,  no  trace  of  dermal  armour  pf  any  kind  was  found.  If 
present  during  life,  as  indicated  by  the  massive  spines  of  the  ver- 
tebrae, it  is  difficult  to  account  for  its  absence  when  the '  remain s 
were  found,  unless,  indeed,  the  dermal  covering  had  been  removed 
after  the  death  of  the  animal,  and  previous  to  the  entombment  of 
the  skeleton  where  found.  In  this  animal,  the  ilia  were  firmly 
coossified  with  the  sacrum,  thus  forming  a  strong  bony  roof  over  the 
pelvic  region,  as  in  birds. 

This  specimen  represents  a  distinct  species,  which  the  writer  has 
named  Stegosaurus  dupJex,  It  was  originally  referred  by  him  to 
8.  unguJatus,  and  the  pelvic  arch  was  figured  under  that  name.*  In 
the  sacrum  of  this  species,  each  vertebra  supports  its  own  transverse 
process,  as  in  the  Sanropoda,  while  in  S,  ungulatus  these  processes 
have  shifted  somewhat  forward,  so  that  they  touch,  also,  the  vertebrae 
in  front,  thus  showing  an  approach  to  some  of  the  Orntthopoda, 

The  great  weight  of  the  armour  in  Stegosaurus,  taken  in  connection 

^  Amer.  Joum.  Sci.  toI.  xxi  pi.  Tii.  Feb.  1881. 
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with  the  massive  and  solid  hones  of  the  skeleton,  and,  especially, 
the  enormous  vertical  extent  of  the  compressed  tail,  indicate  an 
aquatic  life.  This  opinion  was  expressed  hy  the  writer  in  describ- 
ing the  first  specimen  found,  and  the  discoveries  since  made  have 
done  much  to  confirm  it  That  these  reptiles  moved  freely  on  land, 
also,  is  quite  probable.  Other  genera  of  the  group  may  have  lived 
mainly  upon  the  land. 

The  large  number  of  specimens  of  the  Stegosauria  now  known 
from  the  American  Jurassic,  and  the  fine  preservation  of  some  of  the 
remains,  enable  us  to  form  a  more  accurate  estimate  of  the  relations 
of  the  group  to  the  other  Dinosaurs,  than  has  hitherto  been  possible. 
The  presence  of  a  predentary  bone,  and  the  well -developed  post- 
pnbis,  are  important  characters  that  point  to  the  Ornithopoda  as  near 
allies,  with  a  common  ancestry.  These  positive  characters  are  sup- 
plemented by  some  points  in  the  structure  of  the  skull,  and  the  form 
of  the  teeth. 

lliere  are,  however,  a  large  number  of  characters  in  which  the 
Stegosauria  differ  from  the  Ornithopoda,  and  among  these  are  the 
following : — 

(1)  All  the  bones  of  the  skeleton  are  solid. 

(2)  The  vertebrae  are  all  biconcave. 

(3)  All  the  known  forms  have  a  strong  dermal  armour. 

(4)  I'he  second  row  of  carpals  and  tarsals  are  unossified. 

(5)  The  astragalus  is  coossified  with  the  tibia. 

(6)  The  spinal  cord  was  greatly  enlarged  in  the  sacral  region. 
The  relations  of  these  two  groups  to  each  other  and  to  the  rest  of 

the  known  Dinosauria  will  be  fully  discussed  by  the  writer  in  his 
monograph  on  the  Stegosauria, 

New  Haven,  Conn.,  October^  1887. 

III. —  On  certain    anomalous   Organisms  which  are   concerned 
IN  THE  Formation  of  some  of  the  Paubozoic  Limestones. 

By  H.  Alleyne  Nicholson,  M.D.,  D.Sc,  F.G.S., 
Regius  Professor  of  Natiiral  History  in  the  University  of  Aberdeen. 

THAT  many  of  the  Palseozoic  limestones  are  more  or  less  exten- 
sively composed  of  the  skeletons  of  various  Invertebrate 
animals,  sometimes  in  a  perfect  condition,  sometimes  more  or  less 
largely  fragmentary,  has  long  been  known.  In  certain  instances 
a  microscopic  investigation  of  these  ancient  calcareous  sediments  may 
fail  to  demonstrate  the  presence  of  organic  remains,  or  may  reveal 
but  few  of  these.  Thus  there  occur  beds  of  lithographic  limestone 
in  the  Palaeozoic  series  which  would  seem  to  be  simply  of  the  nature 
of  very  finely  levigated  calcareous  mud,  the  component  grains  of 
^hich  were,  however,  doubtless  derived,  in  the  first  instance,  from 
the  calcareous  skeletons  of  animals.  Again,  it  commonly  happens, 
even  in  examples  where  tlie  rock  may  to  all  appearance  be  little 
altered,  that  a  limestone  may  be  found  on  examination  by  means  of 
thin  sections  to  have  undergone  secondary  crystallization,  with  the 
result  of  a  more  or  less  complete  obliteration  of  the  organic  remains 
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of  which  it  was  originally  made  up.  Such  secondary  crystallization 
is  generally  the  result  either  of  the  application  to  the  rook  of  pressure, 
or  of  dolomitisation.  In  the  great  majority  of  the  ordinary  Palno- 
zoic  limestones,  it  is,  however,  generally  easy  to  show  that  the  rodt 
is  essentially  organic,  in  the  sense  that  it  is  extensively  or  essen- 
tially composed  of  the  calcareous  skeletons  of  living  beings.  The 
organisms  which  are  principally  concerned  in  the  formation  of  the 
Palseozoic  limestones  are,  as  is  well  known,  the  Crinoids,  the  Fora- 
minifera,  the  Stromatoporoids,  and  the  Corals.  Less  important, 
though  nevertheless  sometimes  taking  a  conspicuous  part  in  the 
composition  of  the  older  limestones,  are  the  Brachiopods,  the  Pdytoa, 
various  groups  of  Molluscs,  and  the  Ostracodous  Crustaceans. 

In  the  present  communication  I  wish  to  direct  attention  more 
particularly  to  some  organisms  which  are  largely  concerned  in 
building  up  certain  of  the  Palssozoic  limestones,  but  which  oannot 
at  present  be  definitely  referred  to  a  place  in  any  of  the  groups  of 
animals  al)ove  mentioned.  The  organisms  in  question  are  curiously 
like  one  another  in  general  form  and  mode  of  occurrence,  at  the 
same  time  that  they  differ  entirely  in  their  internal  structure ;  and 
they  have  been  referred  to  the  anomalous  genera  MitcheldeaniOf 
Welhered,  Solenopora,  Dyb.,  and  GirvaneUa^  Nich.  and  Eth.,  jun. 

Genus  Mitchbldeania,  Wethered,  1886. 

The  organisms  which  compose  the  genus  Mitcheldeania  have  the 
form  of  small  rounded  or  oval  calcareous  masses,  made  up  of  capillary 
tubes,  of  an  oval  or  circular  shape,  which  radiate  from  a  central 
point  or  points,  and  are  intermixed  with  an  interstitial  tissue  of  very 
much  more  minute  branching  tubuli  (Fig.  1).  The  larger  tub^ 
may  be  considered  as  zooidal  tubes,  and  the  proportion  which  they 
bear  to  the  interstitial  tubuli  varies  in  different  specimens,  and  in 
different  parts  of  the  same  specimen.  Usually,  the  zooidal  tubes 
occupy  comparatively  extensive  regions  of  the  skeleton,  being 
separated  from  one  another  by  a  limited  number  of  the  minute 
tubuli ;  the  latter  also  occupying  irregular  tracts  to  the  exclu8idn 
of  the  large  tubes  (Fig.  1.  A  and  C).  The  zooidal  tubes  further 
communicfite  with  one  another  by  means  of  large  irregularly-placed 
foramina,  resembling  the  "mural  pores"  of  the  Favoaitida  (Fig.  1, 
G) ;  and  they  occasionally  exhibit  a  few  irregular  transverse  parti- 
tions or  **  tabulae."  Increase  appears  to  be  by  fission.  The  intersti- 
tial tubuli  communicate  with  one  another  by  irregular  pores  in  their 
walls,  or  by  branching,  and  they  constitute  a  sort  of  **  coenenchyma," 
in  many  respects  resembling  the  ccBnosarcal  tissue  of  Allopora  (see 
TiiT.  1,  C). 

The  genus  Mitcheldeania  was  founded  by  Mr.  Wethered  (Geol. 
Mag.  188(),  Dec.  III.  Vol.  III.  p.  635)  for  the  reception  of  certain 
singular  little  bodies  which  occur  abundantly  in  parts  of  the  Carbon- 
iferous Limestone  of  the  Forest  of  Dean.  The  single  species 
recognized  was  described  by  Mr.  Wethered  under  the  name  of  M. 
Nichohont,^  and  the  author  was  good  enough  to  submit  some  of  his 

^  Mr.  Wethered  re-described  and  re-figured  the  species  in  the  'Proceedings  of 
the  Cotteswold  Club,'  1887. 
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material  to  me  for  examination,  thns  enabling  me  to  prepare  for  myaelf 
a  series  of  tbin  Bections.  Owing,  however,  to  ita  small  size  and  to 
the  minuteness  ot  its  component  tissues,  tbe  inveglif^ation  of  M. 
AieAo/sont  is  attended  witb  great  diffioultiea ;  and  I  have  been  able 
reoently  to  make  a  much  mnre  Batisfaotory  study  of  the  obaraotera  of 
the  geauB  from  a  much  larger  species,  wbioh  oociirs  abundantly  in 

?art8  of  the  CarbonifarDus  series  of  the  South  of  Scotland,  and  which 
shall  describe  nuder  tbe  name  of  M.  gregaria. 


B  Btrocture  of  the  akeleton  ot  Milchtldeama  grrqaria,  Nieti.  A. 
where  the  iDterBtitial  tubuti  axe  com- 
,  eulargeJ  20  times.  B.  Veiticiil  Bection  of  the  same, 
Bimilarlf  enlarged.  C.  Tungeotial  eectioa  of  pHrt  of  the  organism  where  ihe 
inlerslitial  (nbules  are  greatly  developed,  etAai^A  20  times,  D.  Vertical  section 
of  a  few  tubes,  enlarged  40  time*.  E.  Vertical  section  of  looidal  tubes,  with 
intiTstilial  branchiiiK  tuholi,  enliirged  40  times.  F.  Vettieal  section  of  a  part 
irith  ft'w  interstitial  tuht-H,  enlarj;^  60  times,  showinfr  conneciing  pores  and 
"  tabulie."     G.  Tangential  section  of  a  similar  part,  enlarged  SO  times. 

MlTCHBLDEANIA    GREGARIA,  n.  Bp.      FigB.  1  and  2. 


Tlie  organism  occurs  in 
upproxiniately  spherical  in 
metres  in  diameter,  some  e 
not  reacli  this  size.  Tliere 
Uent.  nor  do  Hections  exhil 
Mrved  as  a  nncleUR  of  groi 


the  form  of  small  rounded  masses, 
sbupe,  and  averaging  about  10  milli- 
[amples  exceeding  this,  while  others  do 
ire  no  traces  ot"  a  podnncle  of  attnch- 
it  any  fortign  body  wliich  might  have 
'lb.     The  surface  may  be  smootb,  but  is 
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in  geaeral  mora  or  less  lobulated,  exhibiting  under  a  lens,  in  well- 
preserved  apecimens,  exceedingly  minute  pores.  The  Bkeleton  it 
cumposed  of  radiating  capillary  tubes,  dispoeed  in  oonoentrio  strata, 
and  baving  a  diameter  of  from  -^f  to  iV  of  a  millim^tra.  In  large 
portiona  of  the  skeleton  these  zobidal  tubes  ara  placed  near  to  one 
another,  being  separated  only  by  a  single  low  of  smaller  tabnli 
(Fig.  1,  F  and  G).  or  being  in  direot  contact.  In  other  portions  of 
the  skeleton,  the  large  tubes  may  be  absent  or  may  be  scattered 
irregularly  among  very  minute  tubuli.  These  interstitial  tubuli 
(Fig.  1,  A  and  C)  have  a  diameter  of  Vr  of  a  millimetre,  or  lesfl,  and 
usually  occupy  irregular  patches  of  various  sizes,  between  the  gronpi 
of  larger  tubes.  Vertical  sections  show  that  the  large  zooidal  tubes 
comtnunioate  with  one  another  by  oval  or  circular  apertures,  of 
comparatively  large  size,  and  uniserially  disposed,  the  general  aspect 
of  these  resembling  that  of  the  "mural  poras"  of  the  Favotitidtt 
(Fig.  1,  F).  Very  commonly,  indeed  usually,  the  zooidal  tobea 
appear  to  be  free  from  internal  partitions,  but  transverse  plates, 
resembling  "  tabutee,"  can  sometimes  be  racogniied  hera  and  there. 
No  structures  of  the  nature  of  radiating  "  septa  "  are  present  in  the 
tubes.  The  interatitial  tubuli  appear  to  communicate  with  one 
another  by  minute  pores ;  and  vertical  sections  show  that  they 
commonly  branch  irregularly,  and  anastomose  with  one  another 
(Fig.  1,  E).  Hence,  in  tangential  sections  of  the  areas  oooupied  by 
the  tubuli,  there  are  generally  seen  minute  branching  canals  inter- 
spersed among  the  cut  ends  of  the  tubuli,  and  resembling  ia  aspect 
the  coenosarcal  canals  of  Allopora  and  Millepora,  and  of  many 
Stromatoporoids  (see  Fig.  1,  C). 

This  remarkable  organism  occurs  in  vast  numbers  in  the  Lower 
Carboniferous  Series  of  parts  of  the  South  of  Scotland  and  the 
Nortb-weat  of  Northumberland,  and  forms  in  plaoes  extensive  beds 
of  limestone.  It  was  firat  brought  under  my  notioe  by  my  friend 
Mr.  Benjamin  Peach,  who  informs  me  that  it  has  a  wide  distrilm- 
tion ;  but  the  only  locality  m  which  I  have  personally  oollected  it  u 
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Eenhope  Foot,  in  Roxburghshire.  Here  beds  of  the  limestone  are 
more  or  less  extensively  composed  of  the  bullet-shaped  or  grape-like 
skeletons  of  this  singular  fossil  (Fig.  2). 

There  is  no  room  to  doubt  that  Af.  gregarta  is  congeneric  with 
Jf.  Nieholsani,  Wetbered,  from  the  Carboniferous  Limestone  of  the 
Forest  of  Dean.  It  is,  however,  clearly  a  distinct  species,  not  only 
being  constantly  of  much  larger  size,  but  being  also  distinguished 
by  marked  structural  peculiarities.  Thus,  M.  Nichohoni  rarely  ex- 
ceeds four  or  five  millimetres  in  length,  and  is  very  irregular  in  form, 
commonly  enveloping  other  organisms,  or  forming  crusts  on  foreign 
bodies.  The  zooidal  tubes  in  this  species  are  also  proportionately 
large  in  point  of  size,  are  few  in  number  and  irregular  in  distribution, 
and  are  separated  by  a  great  proportionate  abundance  of  minute 
interstitial  tubuli. 

Thin  sections  of  Mitcheldeanta  gregarta  have  a  general  resemblance 
to  correspondi ug  sections  of  certain  Monticuliporoids,  but  none  of 
the  latter  make  any  approach  to  the  present  form  as  regards  the 
minuteness  of  the  component  tubes  of  the  skeleton.  The  presence  of 
connecting- pores  between  adjacent  zooidal  tubes  and  of  an  interstitial 
canal-system  wrmld  also  separate  Mitcheldeanta  structurally  from  the 
Monticuliporoids.  In  spite  of  the  extreme  minuteness  of  its  tissues, 
the  genus  Mitcheldeanta  may,  I  think,  be  referred  with  tolerable 
certainty  to  the  Ccelenterata.  Admitting  its  Ccelenterate  affinities, 
it  would  seem  almost  certain  that  the  genus  must  be  placed  in  the 
series  of  the  Hydrozoa.  There  is,  however,  no  known  group  of  this 
class  within  which  Mitcheldeanta  can  be  satisfactorily  located.  Its 
closest  affinities  seem  to  be  with  the  Hydrocorallines,  and  in  this 
connection  I  would  particularly  draw  attention  to  the  resemblance 
of  the  interstitial  tissue  of  Mitcheldeania  to  the  coenenchymal  tissue 
of  certain  species  of  Allopora.  In  one  species  of  the  latter  genus 
which  I  have  investigated  the  coBnenchymal  tissue  is  not  only  very 
similar  to  that  of  Mitcheldeania^  but  is  not  so  very  much  grosser  in 
structure.  On  the  other  hand,  all  the  known  Hydrocorallines  possess 
zooidal  tubes  which  are  enormously  larger  than  those  of  Mitcheldeania ; 
and  there  are  other  morphological  features  in  the  latter  genus  which 
would  preclude  ita  being  actually  placed,  with  our  present  knowledge, 
in  the  group  of  the  Hydrocorallina, 

Genus  Solenopora,  Dybowski,  1877. 

This  genus  includes  calcareous  organisms,  which  present  them- 
selves in  masses  of  varying  form  and  irregular  shape,  and  are  composed 
wholly  of  radiating  capillary  tubes  arranged  in  concentric  strata. 
The  tubes  are  in  direct  contact,  and  no  "  coenenchyma,"  or  inter- 
stitial tissue,  is  present.  The  tubes  are  thin-walled,  irregular  in 
form,  often  with  undulated  or  wrinkled  walls,  without  mural  pores, 
and  furnished  with  more  or  fewer  transverse  partitions  or  "tabulae." 
No  radiating  "  septa  "  are  developed,  but  the  type-species  exhibits 
more  or  fewer  inwardly  directed  septiform  processes,  which  are  the 
result  of  the  rapid  fission  of  the  tubes  (see  Fig.  3,  C). 
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The  genua  Sotfnopora  wu  originally  deaoribed  by  Dr.  Dybowiki 
(Cbeetotideo  der  Ost-Baltisohea  Hilar- Formation,  p.  121,  1877)  for 
the  reception  of  a  singular  fomil  which  ie  of  oommon  ooonrrenoe 
in  the  Ordovician  limeatoaes  of  oertain  localities  in  Eathonia.  The 
straoture  of  this  organism  has  been  fully  dealt  with  by  Hr.  B. 
Etheridge,  jun.,  and  myself  (Qtoi.  Mao.  Deo.  III.  VoL  II.  p.  629, 
Fl.  XIII.),  and  we  have  shown  its  identity  with  the  forma  previonsly 
described  by  Mr.  Billinga  as  Stromalopora  eowpaeta,  and  by  onr- 
aelvea  as  TelradiitTa  Peachii.  The  species  stands,  therefore,  now  as 
SoUnopora  eompaela,  BillingR,  the  Scotch  exaniplea  remaining  at  a 
variety,  for  which  the  name  Peachii  may  be  employed. 


Fio.  3. — A,  A  Binall  specimen  of  SoUnofxira  t»mpatl;  Billingt,  from  Saak,  Eatbonil, 
ot  the  natural  size.  B,  Surface  of  a  piece  at  limestone  lar^ljr  made  up  of  unill 
ipecineuB  of  the  same,  from  the  aame  locality,  of  the  uatuml  size.  C,  Tangentia] 
■ectjon  of  the  aame,  enlarged  about  Z6  timea.  D,  Vertical  aection  of  the  Mina, 
aimilarlr  enlarged. 

Soi^ENOPOBA  OOMPACTA,  Billings,  sp.     Fig.  3. 

This  species  has  been  so  fully  treated  previously  (lo«.  eil,  supra), 
tbat  it  is  unnecesaary  for  me  to  enter  here  into  any  discussion  of  its 
characters.  The  accompanying  illustration  (Fig.  '4)  wilt  aufficientty 
indicate  ita  general  form,  mode  of  occurrence,  and  minute  structure. 
As  a  speciaa  it  is  distinguinhed  by  the  size  of  ita  component  tubes 
(which  vary  in  diameter  from  iV  lo  ^V  of  a  millimetre),  and  by  the 
facta  that  the  tubes  are  irregular  in  shape,  have  undulated  walls,  and 
are  furnished  with  more  or  less  numerous  septiform  processeB  due  ta 
fiasion  (Fig.  S,  C  and  D). 

It  has  been  already  shown  by  Mr.  R.  Etlieridge,  jun.,  and  myself 
{loe.  cil.),  that  Sotenopora  eompaela,  Billings,  is  very  widely  dis> 
tributed  in  the  Ordovician  rocks,  and  timt  it  played  a  very  important 
part  in  the  formation  of  certain  of  the  limestones  of  this  period. 
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We  recognized  its  occurrence  in  the  Trenton  and  Black  River  Lime- 
stones of  North  America,  in  limestones  of  corresponding  age  in 
Esthonia  ("  Jewesche  Schichten"),  and  in  the  Ordovician  limestone 
of  Craighead,  near  Girvan,  in  Ayrshire.  To  the  facts  previously 
recorded  virith  regard  to  the  range  of  this  remarkable  fossil,  I  can 
DOW  add  some  further  information  of  interest.  Thus  my  friend  Prof. 
Lapworth  has  recently  submitted  to  me  a  number  of  examples  of 
this  species,  of  unusually  large  size,  which  he  has  collected  in  the 
''Hoar-Eidge  Limestone"  of  Shropshire.  This  discovery  has  the 
effect  of  extending  the  known  range  of  Solenopora  compacta  in 
Britain  from  the  Ordovician  area  of  Ayrshire  to  that  of  the  classical 
district  of  the  West  of  England.  Again,  I  find  that  the  fossils 
described  by  Mr.  S.  A.  Miller,  from  the  Cincinnati  group  of  North 
America  under  the  name  of  Stromatocerium  richmandense  (Joum. 
Cincinnati  See.  Nat.  Hist.  vol.  v.)  are  in  part  referable  to  Solenopora, 
and  are  undistinguishable  from  S.  compacta.  Bill.,  sp.  Mr.  E.  O. 
nirich  has  been  kind  enough  to  furnish  me  with  a  number  of  speci- 
mens from  the  Cincinnati  group  of  Indiana,  which  he  regards  as 
referable  to  the  so-called  Stromatocerium  richmondenae.  These  speci- 
mens are  in  the  form  of  small  irregular  calcareous  masses,  very 
closely  resembling  one  another  in  general  appearance,  but  differing 
80  far  that,  when  broken  across,  some  show  a  conspicuous  composition 
out  of  concentric  layers,  while  others  are  more  compact  and  uniform 
in  texture.  In  point  of  fact,  the  specimens,  in  spite  of  their  apparent 
similarity,  are  not  all  the  same.  Some  of  them  are  referable  to 
Solenopora  cainpacia.  Bill. ;  others  are  referable  to  a  species  of 
Girvanella  (=  Strephochettis,  H.  M.  Seeley) ;  while  others  are  com- 
posed of  both  these  organisms  growing  in  superimposed  colonies. 

SOLENOPOBA  ?   FILIFORMIS,  n.  Sp.      Fig.  4. 

In  the  Ordovician  limestone  of  Craighead,  near  Girvan,  there 
occurs  a  fossil  which  I  may  provisionally  describe  under  the  above 
name,  and  which  is  associated  with  the  preceding  in  the  formation 
of  the  limestone.  It  is  often  present  in  great  abundance  in  the  lime- 
stone, but  its  internal  structure  is  commonly  much  obscured,  or  even 
destroyed  by  crystallization.  It  presents  itself  sometimes  in  the 
form  of  small  rounded  or  irregular  nodules,  or,  at  other  times,  as 
lobate  or  ramified  masses  of  considerable  dimensions.  Viewed  with 
a  powei*ful  mtignifying  glass  it  appears  to  be  quite  compact,  or 
obscurely  fibrous;  but  when  examined  microscopically,  it  is  seen 
to  be  composed  of  exceedingly  minute  capillary  radiating  tubes 
disposed  in  concentric  strata,  llie  tubes  are  thin- walled,  regularly 
prismatic  in  shape,  without  mural  pores  or  radiating  septa,  but 
furnished  with  numerous  transverse  partitions  or  "tabulae"  (Fig.  4). 
The  average  diameter  of  the  tubes  is  about  ^4-  of  a  millimetre. 
Increase  of  the  tubes  appears  to  take  place  by  fission,  but  the  tubes 
do  not  exhibit  inward  septiform  processes,  such  as  are  so  character- 
istic of  the  cross- sections  of  the  tubes  of  Solenopora  compacta. 

1  have  some  doubts  about  the  reference  of  this  fossil  to  the  genus 
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SoUnopora,  aa  it  diSan  from  tho  type  of  the  genua  in  important 
Btraotiiral  oharaotfin.  This  is  more  particularly  seen  in  the  r«gnlarlj 
priamatio  form  of  the  oomponeni  tubes  of  the  skeleton,  and  in  the 
total  abeenoe  of  the  septa-like  process  produced  in  SoUnopora 
eompacla  by  the  oommenoing  fission  of  the  tubes.  At  the  same  Ums, 
it  agrees  entirely  with  S.  eompaela  in  its  general  form  and  mode 
of  oocurrenoe,  and  especially  in  its  being  composed  of  imperforate, 
tabulate  tubes  of  excessive  ininutenesa.  Upon  tlis  whole,  therefore, 
it  eeems  safest  to  place  it  temporarily  in  the  genus  Solenopora. 


k,  Taiuratisl  section  of  Solmopora  t  fiUformi; 
oi  CraiehBad,  OirvM 
dmilarlf  enlarged. 


ietiead,  OirvBa,  enlajged  aSoat  30  ti 


It  cannot  be  said  that  the  present  species  throws  much  fresh  light 
upon  the  systematic  position  of  the  genus  Solenopora.  If  viewed 
without  reference  to  the  »ixe  of  its  tubes,  it  might  qnite  well  be 
regarded  as  a  Monlteuliporoid,  and  might  be  placed  under  the  genus 
JSonolrypa.  The  extraordinary  minuteness  of  tba  tubes  would  seem, 
however,  of  itself,  euffioient  to  preclude  a  reference  of  this  fossil 
to  the  Honticuliporoids.  If,  however,  we  admit  that  the  genus 
Mileheldeama  may  be  referred  to  Iha  Hydrozoa,  we  can  get  over  one 
of  the  prinoipal  difficulties  attending  the  supposition  that  the  genus 
iSo^enopora  is  referable  to  the  same  great  class — the  difQouIty,  namely, 
that  no  known  Coetent^rate  possesses  a  skeleton  of  suoh  an  exoessivelj 
minute  oharaoter.  Upon  the  whole,  therefore,  I  am  inolined  to  think 
it  may  be  tolerably  safe  to  regard  Solenofiora,  Dyb.,  as  representing 
a  peouliar  extinct  groap  of  Hydrozoa,  though  I  do  not  think  that 
the  evidence  upon  this  point  is  in  any  way  conclusive. 

tienue  Girvahella,  Nicholson  and  Etheridge,  Jun.,  1880.     Fig  S. 

Largely  ooncemed  in  the  formation  of  the  Ordovician  limestones 
of  Ayrshire,  and  commonly  associated  with  the  preceding,  is  another 
remarkable  organism  which  was  described  in  1880  by  Mr.  R. 
Etheridge,  jun.,  and  myself,  under  the  new  generic  and  specific  name 
of  Qinanella  problematiea  (Mon.  Sil.  Fobs.  Girvan,  p.  23,  pi.  ii. 
stone  at  Craighead,  sometimes  being  the  principal  agent  in  the 
fig.  24).  This  curious  fossil  occurs  in  great  numbers  in  the  lime- 
formation  of  the  rock,  and  presents  itself  in  the  form  of  small 
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rounded  or  irregular  nodules,  which  T«ry  in  diameter  from  leas  than 
ft  millimetre  to  more  than  a  oentim^re.  The  larger  example! 
(Fig.  5,  A)  show  a  distinctly  oonoentric  structure,  viiiibld  even  to 
the  naked  eye,  bat  the  most  powerful  lens  fails  to  show  anj  obvious 
internal  struoture  in  fractured  or  weathered  aurfaoea.  Examined 
microaoopioallf  by  meana  of  thin  aeotions,  the  nodiilea  of  Ginanetta 
are  seen  to  oonaiat  of  exoeedingly  minute  circular  tubes,  endleanly 
contorted  and  bent,  and  twisted  together  in  loosely  reticulate  or 
Termioulate  aggregations  (Fig  6,  B).  The  tubes  vary  in  their  size 
from  iV  to  Vv  of  a  millimetre  in  diameter.  Most  commonly  they 
are  about  ^V  mill,  in  diameter.  The  walla  of  the  tubes  have  a 
granular  aspect,  as  if  formed  of  exceedingly  minute  granules,  but  it 
is  not  possible  to  determine  absolutely  whether  they  are  or  are  not 
troly  (Mioareous  in  oomposition.  No  internal  partitions  are  viaibla 
ia  the  tubes,  nor  do  they  exhibit  any  perforaliong  i(i  their  walls. 


Fio.  6. — A,  Fnifpnent  of  UmeBtona  from  the  Ordoiiciin  rocka  of  Craighead,  Oirrtn, 
of  the  asturkl  size,  showiag-  numerous  eiceptdonallf  large  maesea  of  Oinanilla 
pniUmniiea,  Xich.  &  Etb.  jun.  B,  Section  of  a  niinuta  moss  of  Oirvaaella, 
onlaiged  abont  60  timea. 

In  the  original  description  of  Gireanella  probleninlica  by  Mr,  R. 
Etberidge,  Jun.,  and  myself  {loe.  eit),  the  Reims  waa  provisionally 
referred  to  the  RhSzopoda,  and  was  regarded  as  related  to  the 
arenaceous  Forataini/era.  Thia  view  of  tlie  affinities  of  Oirvanella, 
from  whioh  I  aee  no  reaaon  to  depart,  waa  the  one  taken  by  Mr.  H, 
B.  Brady,  to  whom  we  had  submitted  our  apecimena ;  and  this  dis- 
tioguished  authority  compared  Qirvnnella  with  the  reoent  Syperammina 
vagatu,  figures  and  descriptiona  of  which  have  now  been  publiahed 
(see  Chall.  Reports,  vol.  ix.  p.  2()0,  pi.  xxiv.  figs.  1  ~9).  The  same 
author's  great  work  on  Foramini/era  contaitia,  however,  another  genua 
of  arenaceoua  Foramiaifera  which  admita,  perhaps,  of  an  even  closer 
cumparieon  with  Gircnnella  than  does  the  form  above  mentioned.  I 
allude  to  the  remarkable  form  described  by  Mr.  Brady  under  the  name 
of  SyTingammina/ragitieeima  (Chall.  Keports,  vol.  ix.  p.  242,  woodcut), 
in  which  the  organism  ia  free,  and  constats  of  a  mnas  of  minute 
arenaceous  tubes  disposed  in  oonoentric  layers,  and  having  a  generally 
radiate  arrangement. 
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In  Britain,  the  genus  OirvaneUa  has,  so  far,  only  heen  recognised 
as  ooourring  in  the  Ordovidan  limestones  of  Ayrshire.  I  have, 
however,  found  some  of  the  Carboniferous  limestones  of  the  North 
of  England  to  contain  largely  an  ill-preserved  organism  which  will, 
I  think,  prove  to  be  referable  to  Oirjoanella-,  As  previously  pointed 
out,  the  genus  occurs  in  the  Ordovician  rocks  of  North  Ainerica. 
This  is  shown  by  the  fact  that  certain  of  the  specimens  from  the 
Cincinnati  Group  of  Indiana  sent  to  me  by  Mr.  E.  O.  Ulrich  as 
belonging  to  tHe  Siromatocerium  richmondense  of  Mr.  S.  A.  Miller, 
prove  on  examination  to  belong  to  a  species  of  GirvaneUa,  specifically 
distinct,  I  think,  from  our  British  species,  as  shown  by  the  greater 
minuteness  of  its  tubes.  I  see,  also,  no  reason  to  doubt  that  the 
fossils  from  the  Cbazy  Limestone  of  North  America,  for  which  Prof. 
Henry  M.  Seeley  has  proposed  (Amer.  Journ.  Sci.  and  Arts,  1885, 
vol.  XXX.  p.  365,  1885)  the  new  generic  name  of  StrephoehetuSf  are 
in  reality  referable  to  the  genus  GirvaneUa,  It  is  probable  that  the 
Chazy  form  (Strephochetus  ocellntus,  Seeley)  is  specifieally  distinct 
from  Girvanelia  problematica,  but  its  generic  identity  appears  to  be. 
indubitable.^  Prof.  Seeley  seems  disposed  to  think  that  the  curious 
fossil  described  by  Prof.  James  Hall,  from  the  Calciferous  Limestone, 
under  the  name  of  CryptozoGn  proli/erum  (Thirty-sixth  Ann.  Rep.  of 
the  State  Cabinet,  pi.  vL  1884),  may  be  related  to  GirvaneUa;  but  I 
cannot  think  that  such  a  relationship — supposing  it  to  exist — can  be 
one  of  generic  affinity.  The  fossil  for  which  Prof.  Hall  has  proposed 
this  name  is  not  only  comparatively  gigantic  in  point  of  size,  but  its 
internal  structure,  so  far  as  may  be  judged  from  the  incomplete 
provisional  diagnosis  given  by  its  author,  is  altogether  different, 
since  it  is  stated  to  consist  of  branching  and  anastomosing  canaliculL 
Lastly,  with  regard  to  Prof.  H.  M.  Seeley's  reference  of  GirvaneUa 
^:=  Strephochetus)  to  the  calcareous  sponges,  it  need  only  be  said  that 
the  structure  of  the  genus,  so  far  as  recognized,  shows  nothing 
which  would  warrant  such  a  reference,  and  that  it  would  be  essential 
to  the  establishment  of  this  view,  according  to  our  modern  lights, 
that  the  organism  should  be  proved  to  possess  definite  spicules. 

IV. — Hbbtfordshibe  Subsidemoeb. 
By  A.  C.  G.  Cahbron. 

SUBSIDENCES  are  by  no  means  unusual  amongst  the  arable 
lands  in  the  Chalk  districts  of  this  county.  No  one,  who  has 
travelled  in  these  parts,  can  have  failed  to  notice  the  numerous  holes 
and  dells  dotted  about  the  fields  in  all  directions,  many  of  which 
have  fallen  in,  or  will  do  so,  in  course  of  time.  Nearly  all  of  them 
mark  spots  where  the  Chalk  has  been  dug  up  for  chalking  the  land, 
which  is  then  said  to  work  better.' 

On  the  crown  of  some  hill  or  ridge,  it  is  no  uncommon  sight  to 

^  Dr.  Hinde  has  already  pointed  out  that  Strephochetus,  H.  M.  Seeley,  is  identical 
with  the  previously  descrioed  Girvanellay  and  has  further  shown  that  toe  Siphoneina 
of  Dr.  Bomemann,  supposed  by  its  describer  to  be  a  calcareous  Alga,  is  likewise  a 
synonym  of  G^irrawe/Zo  (Geol.  Mao.  1887,  Dec.  III.  Vol.  IV.  p.  227J. 

'  Gravel  soils,  such  as  fringe  the  modern  alluvium  of  rivers  ana  streams,  are 
chalked  as  well  as  the  stronger  soils.  • 
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find  a  windlass  and  bucket  erected  over  a  oironlar  hole  or  shaft  sunk 
deep  in  the  Chalk,  while  a  man  at  the  bottom,  working  right  and  left 
of  him,  sends  bucketfuls  of  dazzling,  white  chalk  to  the  surface, 
which  is  wheeled  away  in  barrows,  and  deposited  in  heaps  close  to 
one  another,  in  the  field  where  the  shaft  has  been  sunk,  to  be  after- 
wards broken  up,  and  lain  about  the  place. 

When  all  the  chalk  that  is  required  has  been  dug  up,  the  windlass 
disappears,  and  the  hole  is  filled  up  to  the  original  surface  level,  in 
order  that  no  unnecessary  unevenness  should  occur  to  mar  the 
ploughing.  Gradually  however,  a  subsidence  takes  place,  as  the 
material,  with  which  the  hole  was  filled,  settles  down  in  the  cavity 
prepared  for  it,  and  then  for  a  time,  a  basin-shaped  hollow  marks  the 
site  of  the  shaft.  Suddenly  a  deep  ring-like  orifice,  the  sides  of 
which  show  a  clear  section  of  the  earth  and  stones,  with  which  the 
bole  was  filled,  appears  at  the  bottom  of  the  pit,  and  a  veritable 
swallow-hole  is  formed  on  the  spot. 

If  it  is  only  a  subsiding  hole,  that  is,  one  that  may  go  down  at 
any  moment,  a  short  funnel  or  pipe  is  seen,  without  the  ring-like 
orifice  and  clean  cut  sides. 

Harvest  is  the  time,  I  am  told,  when  these  pits  most  frequently  fall 
in ;  but  as  the  subsidences  also  occur  during  rainy  seasons,  when 
water  wells  up  or  accumulates  at  the  bottom,  I  am  inclined  to  think 
the  reported  falling  in  at  harvest  time  is  greatly  accounted  for  by 
reason  of  more  people  being  in  the  fields  then  to  observe  them  than 
at  any  other  time.  Holes  are  being  re-filled  this  autumn  about  here, 
that  have  required  filling  several  times  before. 

In  some  parts  of  the  county  "  doming  '*  is  resorted  to  for  covering 
the  holes,  thereby  obviating  the  periodical  filling  up,  which  may 
require  doing  yearly.  A  pit  to  be  domed,  is  first  nearly  filled  up 
to  the  original  surface-level,  at  least  presumably  so — and  then  arched 
over  with  brickwork  and  covered  with  earth.  This  plan  is  said  to 
cost  no  more  than  the  other,  but  the  latter  is  the  safer  of  the  two. 

A  labourer  informed  me  that  somewhere  in  the  Baldock  country, 
a  domed  hole  once  caved  in  when  a  ploughman  and  lad  with  three 
horses  were  crossing  it.  The  two  attendants  had  a  narrow  escape 
for  their  lives,  the  three  horses  were  killed.  Poles  are  sometimes 
put  up  to  show  the  sites  of  these  pits. 

The  foregoing  brings  to  my  recollection  much  that  is  in  common 
with  the  *  natural  pits '  at  Ripon,^  where  it  will  be  remembered  a 
haystack  disappeared  down  a  cavity'  that  suddenly  opened  in  the 
limestone,  during  the  time  the  haymakers  had  adjourned  for  dinner. 
Doubtless  some  Hertfordshire  subsidences^  are  as  natural  as  those  at 
Kipon — due  to  tlie  dissolution  of  the  strata  by  acidulated  waters. 

Semicircular  holes  in  the  chalk  filled  with  brickearth,  often  seen 

*  See  Natural  Pits  at  Ripon,  by  Rev.  Stanley  Tute,  Proc.  Yorks.  GeoL  and  Polyt. 
Soc.  1869.  Also  '  Subsidences  over  Permian  Limestone,'  A.  C.  G.  Cameron,  Rep. 
Brit.  Assoc.  York,  18bl,  and  Proc.  Yorks.  GeoL  and  Polyt.  Soc.  vol.  vii.  pt.  iv. 

'  Locally  named  "shoots"  and  "  earthquakes." 

^  See  **  Nature,"  vol.  xxxvii.  Dec.  8,  1887,  On  an  Earthquake  in  England, 
by  Worthington  G.  Smith. 
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where  any  considerable  section  of  Chalk  is  exposed,  as  in  a  rail  or 
road  cutting,  indicates  natural  subsidences  whose  origin  may  be 
traced  to  causes  similar  to  those  at  Eipon. 

If  it  were  possible  to  see  the  surface  of  the  Chalk,  bared  of  itt 
superficial  covering  of  clay,  l(»am,  eta,  it  would,  I  imagine,  be 
singularly  convex  and  concave.  In  digging  pits,  the  chalk  is 
is  sometimes  found  close  to  the  surface  at  one  side  of  the  shaft,  bat 
cannot  be  found  at  twenty  or  even  thirty  feet  on  the  other  side. 


V. — Effects  of  Altbrnations  of  Temperature  on  Terra  Cotta 
Copings  set  in  Ckmbnt  as  an  Illustration  of  a  Thsobt  of 
Mountain  Building. 

T.  Mbllabd  Rbadb,  C.E.,  F.O.S.,  F.R.I.B.A. 

ELSEWHERE  I  have  shown  that  metals  nnder  certain  conditions 
when  subjected  to  changes  of  temperature  undergo  permanent 
deformation.  Thus  sheets  of  lead  ridge  up  and  fold  even  under  the 
influence  of  atmospheric  changes,  as  may  be  seen  by  the  examina- 
tion of  any  old  lead  flats  or  gutters.  The  cumulative  effect  of  small 
but  repeated  changes  of  temperature  is  very  striking,  and  I  have 
used  it  in  illustration  of  what  I  conceive  to  be  the  true  explanation 
of  the  ridgings  up  of  the  earth's  crust  called  mountain  ranges.  The 
examples  given  ^  of  the  effects  of  alternations  of  temperature  are 
mostly  in  metals,  but  I  have  also  shown  that  other  materials  not 
ductile  are  affected  in  the  same  way,  in  a  lesser  degree. 

A  very  remarkable  example  has  lately  come  under  my  notice  *  of 
the  lengthening  of  a  terra  cotta  coping,  which  it  appears  to  me  can 
only  be  explained  on  the  same  principle. 

The  coping  in  question  which,  is  freely  exposed  to  the  direct  rays 
of  the  sun,  consists  of  two  courses  of  red  Kuabon  terra  cotta  bricks 
set  in  cement  upon  a  fence  wall,  built  with  common  bricks  in  mortar 
a  brick  and  a  half  thick.  The  courses  are  level,  but,  in  consequence 
of  the  inclination  of  the  road,  the  coping  is  stepped  down  at  intervals, 
so  that  the  under-conrse  of  bricks  of  one  length  is  just  gripped  and 
hnld  in  position  by  the  top  course  of  tlie  next  length  of  coping.  It 
will  thus  be  seen  that  it  must  constitute  by  liability  to  lifting  a  more 
delicate  test  than  ordinary  of  any  increase  of  length  that  might  take 
place  in  the  coping. 

When  I  examined  the  coping — and  I  have  looked  at  it  over  and 
over  again — the  end  portion  of  one  length  abutting  against  the  next 
length  at  the  drop  in  the  level  was  thrown  up  into  an  anticlinal  of 
about  6  ft.  span  ;  the  coping  bricks  being  lifted  in  the  highest  part 
one  inch  from  their  bed.  There  was  a  fracture  at  the  crown  of  the 
anticlinal,  and  another  at  the  foot  or  springing,  but  for  a  distance 
of  30  feet  the  coping  was  practically  one  solid  continuous  bar.  A 
careful  examination  showed  that  the  coping  had  "  grown "  about 
a  quarter  of  an  inch  longer  than  when  it  was  first  set,  and  that  this 

I  Origin  of  Mountain  Ranges,  chap.  iii.  and  iv. 

'  I  am  indebted  to  Mr.  F.  Archer  for  first  calling  my  attention  to  it. 


T.  M.  Reade — Effects  of  Temperature  on  Terra- Cotta.     27 

lengthening,  as  shown  hy  movement  on  the  corhel  hrioks  which 
ooour  at  intervals,  was  evenly  distributed  along  a  length  of  30  feet. 

One  of  the  first  explanations  that  occurred  to  me  was  that  the 
lengthening  was  due  to  the  expansion  of  the  cement,  as  we  know 
that  cement  if  used  too  soon  does  expand  for  a  certain  length  of 
time  after  setting.^  Enquiry  from  the  builder,  Mr.  Bates,  who  put 
up  the  wall,  showed  this  not  to  be  a  probable  explanation,  as  the 
wall  was  built  some  seven  years  ago.  Mr.  Bates  informed  me  that 
he  reset  the  end  bricks  of  this  portion  of  the  coping,  about  two 
years  after  the  wall  was  built,  in  consequence  of  its  lifting,  and  I 
have  ascertained  that  Mr.  Taylor,  a  bricklayer,  has  reset  it  on  two 
occasions  when  it  lifted  from  the  same  cause,  first  on  May  9th,  1884:, 
and  secondly  on  May  16th,  1885.  He  has  now  just  reset  it  for  a 
third  time. 

An  inspection  of  brick  copings  in  the  neighbourhood  of  Blundell- 
sands,  of  which  there  are  many,  disclosed  the  fact  that  this  is  not 
a  solitary  phenomenon.  In  another  case  where  the  coping  is  of  blue 
Staffordshire  bricks,  the  top  course  in  cement  and  the  under-course 
in  moii;ar,  a  change  in  length  is  shown  clearly  by  the  coping  being 
lifted  off  the  wall  at  each  of  the  two  ramps  (curved  changes  of 
level)  which  exist  in  its  length,  and  the  movement  can  be  clearly 
measured  on  the  corbel  bricks  as  before,  and  in  this  case  the  lengthen- 
ing is  also  a  quarter  of  an  inch,  evenly  distributed  over  a  considerable 
length  of  coping. 

Numerous  other  examples  are  to  be  seen,  which,  though  not  so 
striking  as  those  described,  clearly  evince  a  movement  of  the  copings. 

It  will  no  doubt  be  considered  a  long  step  from  brick  copings  to 
mountain-building,  but  as  a  good  example  of  the  permanent  lengthen- 
ing that  may  take  place  as  the  accumulated  result  of  small  movements 
of  expansion  by  change  of  temperature  in  what  appears  to  be  an 
intractable  material,  the  facts  are  well  worthy  of  record.  It  appears 
that  when  the  ends  of  a  coping  such  q»  I  have  described  butt  up 
against  a  solid  pier,  this  movement  does  not  take  place  probably 
from  the  elasticity  of  the  material  being  sufficient  to  absorb  whatever 
small  expansions  may  occur.'  When  one  end  is  partially  free  to 
move,  the  effect  is  different,  each  expansion,  however  small,  pushing 
the  coping  along  towards  the  partially  free  end,  and  on  contraction 
the  coping  cannot  draw  itself  back  to  the  same  position  as  before, 
80  must  either  fracture  or  lengthen  by  increments,  and  experience 
shows  that  is  what  frequently  happens. 

^  In  order  to  ascertain  precisely  whether  any  alteration  of  length  does  take  place 
in  cement,  I  had  a  bar  made  composed  of  one  of  best  Portland  cement  to  one  of 
fine  sand.  In  this  bar  were  fixed  brass  studs  for  measuring  purposes.  On  Sept.  1st, 
three  weeks  after  it  was  made,  the  bar  measured  16*  136  inches  between  the  studs. 
Go  Nov.  6th  it  measured  16*122  inches,  showing  a  shrinkage  oi  Q'QW  oi  an  inch, 
and  the  contraction  has  not  yet  ceased. 

'  Since  this  was  written  I  have  observed  several  cases  in  which  the  end  brickwork 
and  piers  have  been  badly  fractured  by  the  force  of  expansion. 
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YL — British  Uppbb  Tebtiabt  Cobals. 
By  Alfbjbd  Bbll. 

WRITERS  on  Fossil  Corals  seem  to  ignore  the  existence  of  Corals 
in  our  later  Tertiary  formations.  They  are  certainly  not 
common.  The  following  reference  atid  species  have  come  under  my 
notice :  Caryophyllia  elavuSf  Scacchi  var.  horealii,  Fiem.,  Lancashire 
drift  (see  Geologist,  1843,  p.  124).  Caryophyllia  clavuM  var.  Smiikii, 
Stokes,  Raised  beach,  Portrush.  Co.  Antrim  (Portlock,  Geol.  London- 
derry, etc.).  Sphenotroehus  Wrighiii,  Gosse,  from  the  Clyde  beds,  by 
Messrs.  Crosskey  and  Robertson.  To  these  I  may  add  a  fine  calioe 
of  the  Norway  branching  Coral  Lophohelia  proltfera,  Ed.  and  H., 
from  the  interglacial  sands  of  King  Edward,  N.B.,  and  a  single  young 
example  of  Sphenotroehus  Macandrewanus,  £.  and  H.,  from  the  Raised 
sea- bed,  Largo  Bay,  Fife. 

Two  species  occurring  in  the  disturbed  portion  of  the  Suffolk  Red 
Crag  appear  to  be  of  Diestien  origin,  viz.  Solenastrea  Freatwiehii, 
Dune,  present  in  beds  of  that  age  in  Belgium  (Brussels  Museum), 
and  a  stout  form  of  Flabellum^  whose  affinities  are  rather  to 
F.  appendicvlatuBy  Nyst,  than  to  F,  Woodii  of  the  Coralline  Crag, 
to  which  it  is  commonly  referred.  I  judge  this  after  an  examination 
of  a  large  number  of  specimens  of  the  different  species — mostly  worn 
and  rolled  examples. 

The  "  Reed  Coll.,"  York  Museum,  contains  a  minute  SphenotroehvB 
not  more  than  iV  inch  in  height,  which  I  obtained  from  the  well- 
known  Chillesford  Sands  at  Aldeby.  I  have  only  seen  this  one 
example,  and  have,  pending  further  discoveries,  given  it  the  trivial 
name  of  5.  parva. 

The  Crag  Sphenotrochi  would  probably  repay  further  examination, 
as  in  several  instances  I  have  noticed  that  the  costas  instead  of 
presenting  the  usual  strait  parallel  arrangement,  sometimes  wavy 
at  the  lower  end,  are  strongly  wavy,  the  projections  interlocking  one 
within  the  other 

P.S. — Since  wnting  the  above  Mr.  Tomes,  F.G.S.,  has  kindly 
examined  the  corals  referred  to  in  the  last  paragraph,  and  describes 
them  as  follows  : — 

Sphenotboghus  Boytonensis,  Tomes,  n.s. 

The  corallum  is  of  equal  breadth  for  the  whole  of  its  height,  but 
it  is  very  thin  at  the  base.  The  curve  of  the  margin  of  the  calice  in 
the  long  direction  is  about  the  same  as  in  Sphenotroehus  intermedius. 
The  long  diameter  of  the  calice  to  the  short  one  is  as  6  to  4.  There 
are  twenty-four  septa  and  the  primary  and  secondary  ohes  are  united 
to  the  columella  by  trabiculaB,  which  are  not  in  pairs,  but  are  single. 
A  few  large  papillae  appear  on  the  sides  of  the  septa,  which  have 
also  horizontal  ridges  ending  in  simple  blunt  teeth  on  their  inner 
margin.  These  with  the  growth  of  the  corallum  are  elongated 
inwards  and  become  trabiculsB,  and  are  attached  to  the  columella. 
The  latter  part  as  in  Sphenotroehus  intermedius  is  notched  in  the 
middle.     The  costse  are  very  uniform  in  size  over  the  whole  of  the 
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oorallnra,  and  they  are  all  strongly  orispate  ^  on  every  part  of  it. 
Height  of  the  oorallum  7  lines ;  greater  diameter  of  the  calioe,  3 
lines,  its  smaller  diameter  2  lines. 

The  greater  size  of  this  species,  its  remarkable  costsB,  and  the 
ridges  on  the  sides  of  the  septa  will  distinguish  it.  In  the  nature 
of  thiB  co8t89,  though  in  no  other  respect,  it  bears  some  resemblance 
to  Sph^otrochus  crispus. 

The  ridges  across  the  septa  ending  internally  in  trabiculad  are  very 
peculiar,  and  give  to  the  latter  a  greater  degree  of  importance  than 
they  would  otherwise  have. 

Localities, — Coralline  Crag,  Oxford;  Red  Crag,  Boy  ton,  Suflfolk; 
Walton-on-the-Naze,  Essex. 


I. — On  the  Migrations  of  Pre-Glaoial  Man.    By  Hcnst  Hioes, 

M.D.,  F.R.S.,  F.G.S.' 

REFERRING  to  the  further  researches  carried  on,  this  summer, 
at  Cae  Gwyn  Cave,  North  Wales,  which  is  400  feet  above 
sea-level,  the  author  stated  that  the  additional  evidence  obtained 
proved  most  conclusively  that  the  flint  implement  found  there  last 
year  in  association  with  the  remains  of  Pleistocene  animals  was 
under  entirely  undisturbed  Glacial  deposits.  He  maintained  also 
that  the  evidence  is  equally  clear  in  regard  to  the  implements 
found  within  the  caverns,  which  he  said  must  have  been 
introduced  before  marine  action  disturbed  the  contents  of  the 
caverns  and  the  Glacial  deposits  blocked  up  and  covered 
them  over.  Tlie  question  as  to  the  direction  from  which  pre- 
Glacial  man  reached  this  country  is  an  exceedingly  interesting  one, 
and  seems  now  to  be  fairly  open  to  discussion.  It  is  admitted  to  be 
fraught  with  difficulties,  but  the  facts  recently  obtained  seem  to 
require  that  an  attempt  should  be  made  to  unravel  it.  The  evidence, 
so  far  as  it  goes,  points  to  a  migration  to  this  country  from  some 
northern  soui*ce,  as  the  human  relics  found  in  the  caverns,  and  also 
in  the  older  river  gravels  (which  Prof.  Prestwich  is  now  disposed  to 
SRsign  also  to  the  early  part  of  the  Glacial  epoch,  when  the  ice- 
sbeet  was  advancing),  occur  in  association  with  the  remains  of 
animals  of  northern  origin,  such  as  the  Mammoth,  Rhinoceros,  and 
Reindeer.  Up  to  the  present  no  human  relics  have  been  found  in 
this  country  (and  it  is  very  doubtful  whether  they  have  been  found 
in  any  other  part  of  Europe)  in  deposits  older  than  those  containing 
the  remains  of  these  northern  animals.  If  man  arrived  in  this 
country  from  some  eastern  area,  it  is  but  natural  to  think  that  he 
would  have  arrived  when  the  genial  Pliocene  climate  tempted 
numerous  species  of  Deer  of  southern  origin,  and  other  animals 
suitable  as  food  for  man,  to  roam  about  in  the  South-east  of  England. 

^  I  borrow  this  descriptive  woid  from  MM.  Milne  Edwards  and  Haime,  but  it 
would  be  almost  better  to  say  that  they  are  zigzag  or  serpentine. 
^  Abstract  of  Paper  read  in  the  Authropoldgical  Section  of  Brit.  Assoc.  Manchester. 
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Hitherto,  however,  not  a  relio  has  been  found  to  show  that  man  had 
arrived  in  this  country  at  that  time.  But  in  the  immediately 
succeeding  period,  with  the  advent  of  cold  conditions  and  of  the 
northern  animals,  evidences  of  his  presence  become  abundant. 

"Whether  man  at  an  earlier  period  migrated  northward  from  some 
tropical  or  sub-tropical  area,  where  he  could  have  lived  on  fruit  and 
such  like  food,  there  is  no  evidence  at  present  to  show  ;  but  it  seems 
certain  that  the  man  of  the  Glacial  period  in  this  country  lived 
mainly  on  animal  food,  and  that  he  found  the  Reindeer  to  be  the  most 
suitable  to  supply  his  wants.  He  followed  the  Reindeer  in  their 
compulsory  migrations,  during  the  gradually  increasing  Glacial  con- 
ditions, and  kept  mainly  with  them  near  the  edge  of  the  advancing  ice. 

n. — On  the  Discovery  op  Cabboniferous  Fossils  in  a  Con- 
glomerate AT  Moughton  Fell,  near  Settle,  Yorkshire.  By 
Robert  Law,  F.G.S.,  and  James  Horsfall.^ 

AFTER  briefly  noting  the  various  exposures  of  the  conglomerate, 
its  unconformability  with  the  Silurian  rocks,  its  nature, 
probable  age,  and  the  circumstances  which  led  to  the  discovery  of 
fossils  in  it ;  the  authors  described  the  following  section  exhibited 
on  the  south-west  side  of  Moughton  Fell. 

a.  Scar  Limestone,  of  light  grey  colour  and  well  jointed ;  layers  Tery  distinct  in 

lower  parts  and  almost  horizontal,  the  genus  Bei/erophott  being  Uie  com- 
monest fossil  in  the  lowest  bed  of  this  rock.     Thickness  from  30()  to  500  feet. 

b,  CoNOLOMBRATE. — Of  a  bluish-grey  colour  when  newly  fractured,  and  becoming 

reddish  on  exposure  to  the  air.  The  fragments  are  rounded,  angular,  ana 
sub-angular  in  form,  consisting  of  slate,  grit,  flagstone,  and  Tein-quartz,  all 
apparently  derived  from  Silurian  rocks.  Fossil  shells  and  corals  are  common 
throughout  the  bed.  Bellerophon^  EuamphaltUy  Syringopwa  and  LithottroiUn 
are  the  prevailing  genera.  Thickness  from  1  to  12  feet 
e.  Lower  Silurian  slates,  of  great  thickness,  having  a  N.E.  strike  and  a  dip  of 
about  65**.  The  dip  and  cleavage  appear  to  be  on  the  same  plane  in  this 
locality. 

The  nature  and  the  origin  of  the  stones  in  the  conglomerate  were 
next  pointed  out ;  also  it  was  shown  that  the  portion  of  the  bed  in 
which  fossils  had  been  found  was  not  more  than  200  yards  in  length, 
and  that  it  was  thickest  in  the  middle,  thinning  out  to  the  east  and 
west,  and  at  one  point  could  be  seen  merging  into  the  overlying 
limestone. 

The  fossils  collected  from  the  conglomerate  are  as  follows : — 


Syrmgopora  ramulota. 
Zithostrotifjn  hasaltiforme, 
Euomphalus  penlangulatus. 
Cirrus^  one  species. 
Sanguinolaria  angustata. 
Fleuroiomaria^  one  species. 
Orthoceraiite,  one  species. 
lihynchonella  acuminata, 
Belleropkoti  tangentiaiis. 


BellerophoH  eomu-arietii, 
Natica  plicisU'ia, 
Nat  tea  lirata. 
Natica  elliptica. 
Jnoceramuiy  one  species. 
Spiriferaf  one  species. 
Pecteny  one  species. 
Froductusy  three  species. 
Leptaenay  one  species. 


In  conclusion,  attention  was  called  to  the  probable  method  by 
which  the  conglomerate  was  formed. 

^  Abstract  of  paper  read  before  the  Geological  Section  of  British  Association, 
Manchester,  1887. 
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I. —Memoirs  of  the  Geologioal  Survey.  England  and  Wales. 
The  Geology  of  Part  of  East  Lincolnshire.  By  A.  J. 
Jukes-Browne,  F.G.S.  8vo.  pp.  181,  with  25  Woodcuts  and  a 
Plate  of  Sections  and  Map.     (London,  1887.) 

THIS  memoir  treats  of  the  geology  of  the  country  near  the  towns 
of  Louth,  Alford,  and  Spilsby,  and  is  the  oflScial  Explanation 
of  Sheet  No.  84  of  the  Geological  Survey  Map  of  Great  Britain. 
In  a  concise  introductory  note  the  Director-General  tells  us  that  the 
district  of  which  the  geology  is  here  described  is  the  southern  half 
of  the  Wolds,  north  of  the  Wash ;  and  that  the  Memoir  gives  (1), 
a  detailed  account  of  the  various  Formations  from  the  Kimeridge 
Clay  to  the  top  of  the  Middle  Chalk.  (2.)  The  subdivisions  estab- 
lished by  Professor  Judd  among  the  Lower  Cretaceous  (Neocomian) 
rocks  of  Lincolnshire  have  been  adopted  by  the  Geological  Survey, 
as  well  as  his  name  of  ''  Teal  by  Beds  "  for  the  Middle  Division  of 
that  series.  The  name  of  "  Spilsby  Sandstone  "  is  proposed  for  the 
Lower  Division.  The  Upper  Group,  or  "  Carstone,"  here  generally 
consists  of  mere  loose  sand.  The  several  subdivisions  of  the  Chalk 
in  this  region  are  now  for  the  first  time  compared  with  those  which 
have  been  worked  out  by  the  Survey  in  Buckinghamshire  and 
Cambridgeshire.  (3).  A  full  description  is  likewise  given  of  the 
Glacial  Deposits  which  occupy  the  lower  grounds  flanking  the  Wolds ; 
hut  for  his  theoretical  views,  which  are  not  always  in  accord  with 
those  of  his  colleagues,  the  author  of  the  Memoir  is  himself  respon- 
sible. In  connexion  with  the  superficial  deposits,  he  has  discussed 
the  comparative  age  of  the  several  valley-systems  of  the  district 
(4).  Among  the  facts  of  economic  importance  described  in  the 
Memoir  is  the  discovery  of  two  horizons  of  ironstone  and  also  a  seam 
of  phosphatic  nodules.  (6).  A  large  number  of  well -sections  bear- 
ing on  the  subject  of  Water-supply  are  given  in  the  Appendix. 

A  general  description  of  the  geological  structure  and  the  physical 
characters  of  the  district  is  first  given,  with  lists  of  the  heights,  and 
some  sections  (pp.  1-8).  The  Kimeridge  Clay  is  then  described 
(pp.  9-12).  The  so-called  Neocomian  Series  (pp.  13-27)  begins 
with  a  nodule-bed  on  the  Kimeridge  Clay  and  at  the  base  of  the 
Spilsby  Sandstones,  which  latter  alone  the  author  refers  to  the 
Neocomian  of  the  Continent,  whilst  others  make  it  the  lower  part  of 
that  series.  The  nodules  consist  largely  of  rolled  fossils,  difficult  to 
determine,  but  for  the  most  part  derived  from  older  beds,  probably 
Kimeridgian  (p.  18),  but  possibly  Neocomian  (p.  139). 

The  sandstone  has  large  calcareous,  fossiliferous  concretions  in  it; 
and  the  fossils  comprise  both  Oolitic  and  Neocomian  forms,  indicating 
an  intermediate  stage  between  the  two  systems  (p.  141). 

Then  follows  the  variable  Hundleby  Ironstone,  equivalent  to  that 
at  Claxby,  and  forming  the  base  of  the  Tealby  Clay.      This  iron- 
stone is  a  ferruginous  loam  with  oolitic  grains  of  iron-oxide;  and 
the  facies  of  its  fossils  *'is  characteristically  Neocomian  "  (p.  141). 
The  "Tealby  Beds"  are  (1)  the  ironstone  above  mentioned;  (2) 
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clays  with  thin  sandstones,  septarian  nodules,  selenite,  and  pyrites; 
(3)  the  ''roach/'  a  ferruginous  marl  with  oolitic  grains.  The 
clays  and  the  nodules  near  their  base  give  fossils  of  an  "  eminently 
Neocomian  "  character.  The  sands  representing  the  **  Carstone,"  or 
Upper  Neocomian  of  the  district  (pp.  23-27},  have  few  fossils,  but 
many  phosphatic  nodules. 

The  Upper  Cretaceous  of  Lincolnshire  (pp.  28-70)  consists  of  the 
Lower  Chalk  and  the  Middle  Chalk;  and  this  begins  with  (1)  the 
Bed  Chalk  (overlying  the  (]!arstone  Sands) ;  and  this  is  saoceeded 
by  (2)  the  "  Inoceraraus-beds,"  (3)  the  **  zone  of  MolasUr  svb* 
glohosus,'*  and  (4)  a  ''shaly  marl."  Next  above  comes  (5)  "hard 
rocky  chalk,"  making  the  base  of  the  Middle  Chalk,  followed  by 
(6)  '*  Chalk  with  flints  and  Inoceramus  Brongniarti"  In  Cambridge- 
shire the  equivalents  of  these  divisions  are — for  part  of  1,  2,  and 
part  of  3,  the  ** Chalk-marl,"  or  "zone  of  RhynchoneUa  Martini'*; 
for  part  of  3,  the  "  Tottemhoe  Stone  " ;  for  the  rest  of  3  and  4,  a 
similar  zone  and  shaly  marl ;  for  5,  the  "  Melhoum  Rock  "  and  the 
"  zone  of  RhynchoneUa  Ctivieri "  ;  for  6,  the  '*  zone  of  Terehraiuliwa 
graciliBf**  which  is  succeeded  by  the  "  zone  of  Jlolaster  planu^t*  and 
then  by  the  "  Chalk-rock,"  neither  of  which  members  of  the  Middle 
Chalk  appear  in  Lincolnshire  (p.  30  and  footnote).  The  relative 
value  of  these  divisions  is  discussed ;  the  details  of  their  thick- 
nesses, characteristics,  and  chemical  constitution,  and  pals&ontology 
are  carefully  explained,  as  well  as  their  sections,  exposures,  and 
surface- features.  Six  woodcuts  and  several  tables  illustrate  this 
chapter;  and  the  fossils  are  tabulated  and  noted  at  pp.  142-147. 

The  Glacial  Deposits  (pp.  71-101,  with  woodcut  sections,  figs.  11 
to  19)  are  described  in  detail  as  the  "Older"  and  the  "Newer 
Boulder-clay;"  and  the  Post-glacial  Deposits  (pp.  102-112),  as  (1) 
the  "Revesby  Gravel";  (2)  the  Marsh  and  Fen  Deposits;  and  (8) 
Blown  sand.     All  of  much  interest,  both  locally  and  generally. 

Chapter  IX.  (pp.  113-131),  treating  of  the  hills  and  valleys  of 
the  Wolds,  is  an  explanation  of  the  physical  features  of  East 
Lincolnshire,  worked  out  con  amorCy  carefully  written,  and  well 
illustrated  with  plans  and  sections.  Amateurs  as  well  as  specialists 
must  derive  a  real  scientific  pleasure  in  following  Nature's  pro- 
gressive handiwork  in  rendering  this  part  of  the  East  of  England 
what  it  now  is. 

The  EconomicH  and  Water -supply  are  very  well  calculated  to  serve 
the  country.  A  useful  Index  and  good  plate  of  sections  complete 
this  valuable  Memoir. 


II.— Die  Brtozoen  der  wetssen  Schreibkreide  der  Insel  Rijoen 
VON  Th.  Marsson.  Mit  10  Tafeln.  Band  4,  Heft  1,  1887.  4to. 
pp.  1-112.  Palseontol.  Abhandl.  herausgegeben  von  Dames 
und  Kayser. 

TO    Dr.    Marsson    of    Greifswald    palaeontologists    are    already 
indebted    for   two    beautifully    illustrated    memoirs    on    the 
Foraminifera,^  Cirripedia  and   Ostracoda  of   the  White  or   Upper 

^  Mittheil.   des  naturwifts.  Ver.   fiir  Neuvorpommem  a.  Eiigen  in  GreifnraUL 
JZehnter  Jahrg&Dg,  1878,  pp.  116-196,  Tat.  i.-y. 
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Chalk  of  the  Island  of  Rngen ;  *  in  the  present  memoir  the  Bryozoa 
of  the  same  formation  and  locality  are  described  in  a  similar  careful 
and  complete  manner,  and  the  new  forms,  as  well  as  those 
imperfectly  known  before,  are  faithfully  represented  in  the  accom- 
panying ten  plates,  drawn  from  nature  by  the  author's  hand.  This 
gronp  of  organisms  was  included  with  others  from  Kugen  in  a 
memoir  by  von  Hagenau'  nearly  fifty  years  since,  but  this 
author  freely  acknowledged  the  imperfect  character  of  his  work, 
which,  however,  he  did  not  live  to  amend  and  complete.  Dr. 
Marsson  enumerates  in  the  present  memoir  no  fewer  than  229 
species,  of  which  84  belong  to  the  Cyclostomata  and  145  to  the 
Cheilostomata.  The  following  new  genera  are  constituted,  Crypto- 
glena^  Epidictyon^  CavarineUa,  Bhipidopora,  Clinopora,  Crisidmonea, 
SiigmntocatroB,  Phormopora,  PhormonotoSf  Phyllofrancia,  PUhocella, 
Solenophrngma,  Bacirellaria,  Coseinopleura,  Columuoiheca,  Tcenio- 
porina,  Bathysfomaj  Systenostoma,  Platyglena,  Nephropora,  Lekytho- 
glena^  Homalosiega,  Balantio$toma,  Crypio$ioma,  Diopiropora,  Kele- 
9toma,  Lagodiopsia,  Prosoporella,  PachyderUy  and  Stichocados.  Of 
the  species  enumerated  117  are  peculiar  to  Eiigen,  and  96  of  these 
are  new  forms,  but  it  is  probable  that  many  of  them  will  be 
subsequently  discovered  in  other  localities.  It  is  certain,  however, 
that  a  great  many  are  limited  to  the  Rugen  Chalk,  and  no  traces  of 
them  appear  in  the  same  formation  of  England  or  France.  Four 
species  extend  down  to  the  Neocomian,  one  to  the  Gault,  21  to  the 
Cenomanian,  and  nine  to  the  Turonian.  With  the  Chalk  of  Maes- 
tricht  there  are  45  species  in  common.  Only  five  species  reach 
upwards  to  Tertiary  strata,  and  one  of  these,  Entahphora  virgula, 
V.  Hag.,  has  survived  to  the  present  time,  M/.  Waters  stating  that 
he  can  discover  no  differences  between  the  fossil  and  existing  forms. 

G.  J.  H. 

III. — Geolooib  von  Batbrn.  Von  Dr.  R.  Wilhelm  von  Gumbbl. 
Erster  Theil:  Grundzuoe  der  Geolooie.  Liefkrunoen 
1-5.  Large  8vo.  pp.  1087.  (Kassel,  1884-7,  Theodor  Fischer; 
London,  Williams  and  Norgate.) 

WITH  the  lately-issued  fifth  part,  the  first  volume  of  the 
*  Geology  of  Bavaria '  is  completed  ;  it  contains  1078  pages 
of  printed  matter  and  very  numerous  illustrations  in  the  text ;  thus 
forming  a  massive  volume.  This  first  volume  is  entirely  devoted  to 
the  **  Grundziige  der  Geologie,"  and  it  has  no  special  bearing  on  the 
*  Geology  of  Bavaria,'  which  is  reserved  for  the  second  volume.  It 
forms  a  very  comprehensive  and  complete  Manual  or  Handbook  to 
Science,  and  may  fairly  claim  a  position  equal  to  that  held  by  our 
English  Text  Book  of  Geology  by  Dr.  Geikie,  and  by  Lapparent's 
Traite  de  Geologie  in  France. 

The  subject  is  treated  under  three  heads :  (I.)  Hylology  of  the 
Earth;  (II.)  Formation  of  the  Earth,  or  Geotektoriek ;  and  (III.) 
Geogeny,  or  the  History  of  the  Earth's  Development.     Under  the 

*  id.  12  Jahrg.  1880,  pp.  1-50,  Taf.  i-iii. 

'  Monogr.  der  KiigeDB'chen  Kreide-Verst.  1839. 
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first  heading  is  oomprised  a  very  full  desoription  of  the  mineralogical 
and  petrographical  constituents  of  the  Earth's  orust,  and  their  micro- 
scopical characters  are  particularly  well  illustrated.  This  is  followed 
by  a  section  on  the  Morphology  of  the  rocks  and  of  the  Crust  of  the 
Earth  formed  by  them,  and  their  origin  and  formation  are  treated 
in  another  section.  A  general  review  of  the  different  organisms 
occurring  as  fossils  is  also  included  in  the  Hylology,  and  figures 
are  given  of  the  principal  representatives  of  each  group. 

Under  the  second  heading  of  the  Formation  of  the  Earth,  the 
Archaeolithic,  Palaeolithic,  Mesolithic,  Kaenolithic,  Post-tertiary  and 
Novar  or  Recent  Groups  are  described,  and  their  mode  of  occurrence 
and  development  in  different  parts  of  the  Earth  are  fully  referred 
to.  Figures  are  given  of  the  most  typical  sections  in  varioas 
countries  and  of  the  leading  fossils  of  each  group. 

In  the  third  division  of  Geogeny  or  history  of  the  Earth's 
development,  the  relations  of  the  Earth  to  the  universe  and  to  the 
solar  system  are  considered,  as  well  as  its  individual  character  as  a 
planetary  body.  In  the  concluding  sentence  of  this  division  and  of 
the  book  the  author  states,  that  if  from  a  geological  standpoint  we 
may  draw  a  conclusion  as  to  the  future  of  the  Earth  from  its  past 
history,  we  may  look  forward  to  an  almost  unending  period,  as 
measured  by  human  standard,  of  still  higher  development,  and  in 
the  furthest  distance  there  is  the  probabality  of  a  gradual  and  finally 
complete  refrigeration  and  the  exhaustion  of  its  waters.    G.  J.  H. 

lY. — Lcs  Eaux  Soutbrrainbs  a  l'Epoqub  aotuelle  ;  leur  Ef:GiMiy 

LEUR  TEMPERATURE,  LEUR  COMPOSITION  AU  POINT  DE  VUB  DU  ROLB 
QUI     LEUR    REVIENT    DANS    L'iOONOMIE    DB    l'^CORCB    TERRS8TRB. 

Par  A.  Daubr£e,  Membre  de  Tlnstitut,  etc.,  etc.  Two  vols, 
pp.  757,  with  numerous  illustrations.  (Vve.  Ch.  Dunod,  fiditeur, 
Paris,  1887.) 

THIS  important  work  bears  about  the  same  relation  to  ''  Les  Eaux 
Souterraines  aux  £poques  Anciennes,"  reviewed  in  our  last 
Number,  as  the  "  Principles  of  Geology  "  does  to  the  "  Elements," 
inasmuch  as  it  treats  of  causes  now  in  operation.  The  author,  from 
the  position  occupied  by  him,  has  had  great  opportunities  for 
acquiring  information  on  this  most  extensive  subject  from  all 
quarters  of  the  world,  and  the  work  consequently  is  the  result,  in 
part,  of  his  own  large  experiences,  and  partly  a  selection  from  the 
information  afforded  by  other  writers. 

The  first  book,  which  is  also  the  largest  and  most  important, 
contains  seven  chapters  devoted  to  the  consideration  of  the  phenomena 
in  connection  with  the  system  (regime)  of  underground  waters. 
He  commences  with  an  allusion  to  quarry- water,  giving  an  extract 
from  the  results  of  M.  Delesse  of  the  weight  of  quarry-water  per 
hundred  of  the  wet  mass,  ranging  from  20*66  in  white  chalk  to 
0*08  in  vein-quartz.  In  a  previous  review  of  Mons.  Daubree's  great 
work  (fitudes  synthetiques  de  Geologie  experimentale)  mention  was 
made  of  the  important  part  which  this  same  quarry-water  plays  in 
the  economy  of  the  Earth's  crust,  and  of  the  interesting  experiments 
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of  the  anthor  by  way  of  showing  how  it  can  make  its  way  against  a 
powerful  pressure  of  steam.  This  has  an  important  effect  in  the 
general  mechanism  of  infiltration  (vol.  ii.  p.  214),  and  helps  to  over- 
come the  obvious  difficulty  with  respect  to  water  circulating  in  open 
fissures,  which  would  appear  liable  to  be  forced  back  by  pressure 
from  within. 

After  giving  a  description  of  the  permeable  and  impermeable  rocks, 
the  anthor  discusses  the  phenomena  in  connection  with  the  more 
superficial  sheets  of  water,  such  as  have  no  impermeable  bed  above 
them.  Having  rather  a  partiality  for  Greek  compounds,  he 
designates  this  "  Phreatic  Water."  The  water-line,  or  upper  level 
of  this  sheet,  ranges  from  a  few  feet  to  100  metres  or  more.  This 
"Phreatic,"  or  well-water,  is  largely  distributed  throughout  Drift 
beds  (Terrains  de  transport),  and  many  plans  and  sections  are  given 
showing  its  "  regime  "  in  different  towns  of  Europe.  He  quotes 
from  Prestwich's  address  to  the  Geological  Society  (1872)  with 
reference  to  the  water-bearing  gravels  of  London  which  repose  on 
an  impermeable  clay,  and  relates  how  that,  before  the  great  water 
companies  furnished  an  independent  supply,  the  metropolitan  popula- 
tion was  largely  confined  to  the  water-bearing  gravels.  Curiously 
enough,  in  order  to  illustrate  this,  a  section  is  given  of  the  aquiferous 
gravels  at  Oxford  resting  on  the  Oxford  Clay.  Not  the  least  interest- 
ing account  of  the  superficial  sheet  of  underground  water  is  that 
relating  to  the  Fontanili  of  Lombardy,  illustrated  as  usual  by  small 
plans  and  sections.  The  inhabitants  of  the  favoured  district  are  in 
the  habit  of  knocking  out  the  bottom  of  a  tall  cask,  and  placing  it  in  an 
aquiferous  bed,  some  two  or  three  metres  below  the  surface,  when 
the  pressure  raises  the  water  in  the  shaft  or  funnel  thus  formed,  and 
a  notch  being  cut  in  the  upper  rim,  the  surplus  water  is  thus  con« 
ducted  into  channels  of  irrigation,  much  on  the  principle  of  water 
meadows  in  the  South  of  England.  The  water-bearing  strata  of 
Lombardy  above  referred  to  occur  in  the  gravels  and  sands  of  old 
and  modern  alluvions,  and  the  water  which  they  contain  percolates 
towards  the  great  rivers  to  such  an  extent  as  to  restore  to  these  the 
water  of  which  the  numerous  irrigation  canals  had  deprived  them. 

The  **  Phreatic  Water  "  is  by  no  means  confined  to  the  Drift,  as  of 
course  beds  of  Tertiary,  Cretaceous,  Jurassic  age,  Q\G,y  contribute 
their  quota  when  these  occupy  the  surface  of  a  country.  Under  this 
beading  some  interesting  details  are  given  of  the  well-water  of  Paris, 
which,  it  appears,  is  contained  partly  in  the  alluvium  and  partly 
in  permeable  Tertiary  beds  upheld  by  the  Plastic  Clay.  Since  M. 
Daubree  has  so  extremely  enriched  his  work  with  plans,  sections, 
photographs,  etc.,  a  section  across  the  valley  of  the  Seine  at  Paris  in 
illustration  of  these  interesting  details  would  have  helped  the  reader, 
who  is  not  a  little  puzzled  to  find  a  plan  apparently  of  the  alluvial 
deposits  near  Paris  immediately  under  the  heading  **  terrains  tertiaires 
des  departements  de  la  Seine,  etc." 

The  results  of  contact  between  permeable  and  impermeable  rocks 
are  next  discussed.  The  contact  may  be  the  result  of  simple  strati- 
fication,  as   when  sands  or  gravels   overlie  clay.     The  section  at 
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Oxford,  after  Prestwich,  which  had  already  appeared  on  page  42,  vol.  i. 
d  propoB  of  the  "  Phreatic  Water,"  is  again  introduced  at  p.  78,  but  it 
is  difficult  to  say  that  it  illustrates  anything  very  special.  Namerous 
other  sections  are  given  in  illustration  of  the  subject  Contact  by 
accidents  posterior  to  the  stratification  is  next  considered ;  such  as 
the  accumulation  of  water  in  decomposed  granite  or  growan,  the 
granite  itself  being  of  an  impermeable  nature.  Then,  again,  there 
are  the  phenomena  presented  by  slips  or  talus,  such  as  that  shown 
at  the  source  of  the  Creux-du-vent,  where  the  spring  has  been  dis- 
placed by  a  great  slip  on  the  flanks  of  a  precipice  of  Jurassic  rock 
(p.  93,  vol.  i.).  There  are  also  great  accumulations  of  water  in  porous 
volcanic  ejectamenta,  which  are  thrown  out  in  contact  with  more 
compact  rocks.  Some  curious  instances  in  Central  France  are  given 
with  plans  and  pictorial  illustrations.  Faults,  of  course,  are  well 
known  to  produce  springs  by  bringing  sandstones,  limestones,  etc., 
against  clays.  Such  an  one  occurs  in  the  neighbourhood  of  Loudun, 
where  Mesozoic  beds  are  represented  (section,  vol.  i.  p.  Ill)  as 
being  traversed  by  a  fault  of  considerable  throw,  which  is  vertical 
or  even  slightly  reversed. 

The  most  important  chapter  in  the  book  is  entitled  "Bdle  des 
lithoclases  de  divers  ordres."  M.  Daubree  has  a  partiality  for  sub- 
division ;  and,  as  we  have  already  seen,  for  Greek  compounds.  He 
had  previously  given  us  some  interesting  phenomena  in  connection 
with  faults  (failles),  but  much  the  same  things  now  figure  under  the 
far  grander  title  of  "  paraclases."  Joints  he  calls  "  diaclases  *' ; 
whilst  another  class  of  fractures,  many  exceedingly  minute,  he  calls 
"  leptoclases."  To  a  subdivision  of  this  latter,  called  "synclases," 
he  refers  those  fractures  due  to  contraction.  The  whole  are 
summarized  under  the  general  term  **  lithoclases."  The  upshot  of 
all  this  is,  that  rocks  are  fractured  in  various  ways,  by  various 
agencies  and  in  difierent  degrees,  and  of  course  such  fissures  facilitate 
the  accumulation  and  circulation  of  underground  waters.  Under 
the  general  heading  of  "lithoclases"  he  appears  to  include  the 
artificial  piercing  of  rocks  and  artesian  borings. 

Mens.  Daubree  has  now  fairly  settled  down  to  his  work  (Role  des 
lithoclases),  and  once  more  takes  us  through  the  formations  in  suc- 
cession, no  longer  dealing  with  the  mere  top- water  (Phreatic)  of 
ordinary  wells,  however  deep,  but  showing  us  the  mechanism  of 
underground  waters  in  its  more  complex  phases.  Considered  as  a 
whole  the  Paris  basin  is  eminently  suitable  for  the  making  of  artesian 
wells.  Tlie  beds  there  are  disposed  in  the  form  of  bowls  of  de- 
creasing size  placed  one  within  the  other,  the  position  of  Paris 
itself  being  almost  central  with  regard  to  them.  These  formations, 
alternately  permeable  and  impermeable,  are  very  slightly  disturbed; 
many  levels  furnish  hundreds  of  artesian  wells,  whose  depth  varies 
habitually  from  10  to  30  metres.  For  further  particulars  he  refers 
to  the  "  Guide  du  sondeur "  by  Degousee  and  Laurent.  These 
remarks  refer  to  the  Tertiaries.  and  under  the  same  heading  he  gives 
us  an  interesting  account  of  artesian  borings  in  the  Sahara  of 
Touggourt,  to  the  south  of  Biskra.     The  first  artesian  wells  of  this 
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region  (the  Oued-Bhir)  are  very  ancient,  and  there  are  reasons  for 
suppoBing  that  the  employment  of  this  method  of  obtaining  water 
was  older  than  the  Arab  conquest  of  the  country.  He  then  en umerates 
and  partly  illustrates  by  plan  and  section,  as  many  as  five  distinct 
artesian  basins,  in  a  traverse  from  south  to  north  through  the  Province 
of  Constantine,  oorrrespondiog  to  the  undulations  of  the  Quater- 
nary (?)  beds  of  the  Sahara. 

Under  the  heading  "terrains  cretac^*'  important  plans  and 
lections  are  given  of  localities  in  France.  Not  the  least  interesting 
are  the  phenomena  in  the  Department  of  the  Aube,  where  the  waters 
percolating  the  porous  Upper  Chalk  are  thrown  out  by  the  lower 
marls.  It  is  thus  that  the  base  of  the  chalk  cliff  is  marked  by 
numerous  springs,  some  of  them  powerful  enough  to  turn  mills; 
amongst  these  is  the  source  of  the  Yanne  beneath  the  village  of 
Fontvannes,  which  affords  a  supply  of  water  to  Paris  itself.  The 
ipring  of  La  Folleti^re  in  the  Calvados  boiling  up  from  the 
glauoonitic  chalk  is  pictorially  represented.  But  the  most  important 
of  all  under  the  heading  "  Cretaceous  "  is  the  account  given  of  the 
artesian  borings  at  Paris  itself,  which,  as  previously  observed,  is  in 
the  centre  of  one  of  the  most  perfect  basins  perhaps  to  be  found 
anywhere.  The  boring  at  Grenelle,  which  occupied  seven  years, 
after  traversing  some  50  metres  of  Tertiary  beds  and  the  whole  of 
the  White  and  Grey  Chalk,  attained  a  depth  of  547  metres,  when 
water  was  found  abundantly  in  the  Greennand.  A  section  of  this 
pioneer  deep-boring,  drawn  to  scale,  together  with  certain  well- 
known  buildings  of  Paris  for  comparison,  will  be  found  on  page  210, 
vol.  i.  Many  interesting  details  of  subsequent  lx>rings  are  also  given. 
Dealing  with  the  English  Cretaceous,  Mons.  Daubree  reproduces 
some  of  the  sections  of  Mr.  Lucas  with  respect  to  the  North  Downs, 
and  of  Mr.  Robert  Mortimer  with  respect  to  the  Chalk  Wolds  of 
Yorkshire.  From  the  latter  writer  many  interesting  facts  connected 
with  this  subject  are  abstracted  ;  but  a  portion  of  these  is  unfor- 
tunately placed  under  the  heading  **  Oxfordshire  and  Whitshire," 
betraying  an  indifference  to  British  geography  of  which  we  have  a 
further  example  (p.  351,  vol.  i.),  where  the  author  seems  to  fancy  that 
the  Swallow- holes  of  Ingleborough  and  Castleton  are  in  the  neigh- 
bourhood of  Bristol !  Still  dealing  with  the  Cretaceous,  he  adduces 
many  important  instances  in  relation  to  springs,  etc.,  more  or  less 
illustrated  by  plans  and  sections,  from  the  north  of  France,  Belgium, 
Westphalia,  etc.,  touches  very  briefly  upon  Ireland,  and  concludes  by 
reproducing  some  very  elaborate  sections  by  M.  Dru  relative  to  the 
Caucasus. 

The  beds  of  Jurassic  age,  as  M.  Daubree  remarks,  with  their 
fissured  limestones  and  stiff  marls  or  clays,  are  eminently  calculated 
to  produce  springs.  Many  interesting  cases  are  quoted,  and  amongst 
others  he  reproduces  a  section  through  Rutland  by  Prof.  Judd,  which 
is  intended  to  show  two  separate  water-lines,  one  at  the  junction  of 
the  Inferior  Oolite  and  Upper  Lias,  the  other  at  the  junction  of  the 
Marlstone-rock  with  the  clays  of  the  Middle  Lias.  We  may  here 
take  the  opportunity  of  observing  that  few  places  in  England  ^i^^xvt 
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8ucb  a  number  of  boiling  springs,  or  river-beads,  as  does  tbe  Vale  of 
Pickering  in  East  Yorksbire,  wbere  tbe  porous  and  fissared  Tabnlar 
Hills,  composed  mainly  of  Corallian  rocks,  sloping  and  dipping  to 
tbe  soutb,  are  underlain  by  Oxford  Clay,  and  faulted  against  the 
Eimmeridge  Clay,  capped  by  Drift,  forming  tbe  Vale  itself.  Thii 
region  illustrates  most  admirably  not  only  tbe  ''  Bole  des  litboclases,** 
but  also  the  "  Role  du  contact,"  eta 

After  dealing  witb  tbe  Trias  and  Permian,  tbe  Palaeozoic  snd 
Crystalline  rocks,  M.  Daubree  concludes  tbis  important  chapter 
by  considering  tbe  phenomena  in  connection  witb  metalliferous  veins. 
But  that  these  latter  are  discussed  more  fully  in  tbe  companion  work 
(Les  eaux  souterraines  aux  epoques  anciennes),  tbe  subject  might 
seem  to  be  treated  somewhat  briefly,  since,  from  a  geological  poiint 
of  view,  there  can  be  no  more  interesting  theme  than  tbe  oonneotioa 
between  existing  mineral  springs  and  tbe  associated  deposits  in  the 
fissures  through  whicb  such  waters  have  passed.  Instances  are 
quoted  from  Plombi^res,  Carlsbad,  etc. ;  in  tbe  latter  case  witb  ample 
illustration,  tbe  main  point  being  to  show  that  the  hot  springs  of  the 
region  of  tbe  Sprudels  occur  at  tbe  intersection  of  two  systems  of 
fracture. 

Tbe  part  played  by  caves  in  tbe  system  of  underground  waters  is 
treated  fully  by  the  author ;  and  since  this  division  of  tbe  subject 
lends  itself  to  pictorial  illustration,  there  are  several  photographs  of 
well-known  sources.  The  fountain  of  Vauduse  is  one  so  celebrated 
that  Mons.  Daubree  dwells  at  considerable  length  on  its  details  as 
related  by  the  MM.  Bouviet.  Truly  a  river  of  limpid  water,  full  of 
trout  and  eels,  issuing  out  of  the  bard  and  arid  Urgonian  limestone, 
it  is  just  one  of  those  spots  which  have  given  rise  to  all  sorts  of 
ingenious  and  even  romantic  speculations.  It  seems  to  be  the  sad 
mission  of  scientific  inquiry  to  knock  all  these  sort  of  notions  on  the 
bead.  Given  a  region  of  some  hundreds  of  square  kilometres  of  arid 
limestone  without  springs  or  wells,  and  at  tbe  same  time  seamed 
by  dry  ravines — if  rain  falls  on  such  a  desert  in  any  quantity,  a 
portion  of  this  water  must  have  an  outlet  somewhere.  Tbe  con- 
ditions which  determine  tbe  discharge  are  perhaps  more  complex 
than  in  the  case  of  mere  surface  drainage. 

Tlie  remainder  of  Book  I.  is  occupied  with  tbe  consideration  of 
tbe  phenomena  of  water  forced  upwards  by  the  pressure  of  its  own 
or  of  other  gases.  Tbe  various  sprudels  and  so-called  mud  volcanoes 
come  under  the  latter  denomination.  Very  interesting  details  are 
given  of  a  boring  at  Montrond  (Loire).  Tbe  phenomena  of  geysers 
are  then  dealt  with,  not  forgetting  those  of  the  Yellowstone  Park, 
and  of  New  Zealand.  Before  dealing  with  actual  volcanoes,  M. 
Daubree  introduces  tbe  subject  of  "soffionis,"  i.e,  jets  of  vapour 
endowed  with  a  high  temperature,  whicb  are  projected  from  certain 
fractures  of  tbe  ground.  Tbe  best  examples  of  tbis  class  occur  in 
tbe  boracic  arid  district  of  Tuscany,  of  whicb  a  tolerably  full  account 
is  given,  accompanied  by  many  illustrations.  According  to  the  section 
(vol.  i.  p.  405),  tbe  country  consists  of  Pliocene  clays.  Eocene  lime- 
stone and  shales.  Cretaceous  beds  and  Lias,  all  considerably  plicated, 
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and  having  a  bed  of  serpentiue  interposed  between  the  two  Tertiary 
deposits.  The  pipes  supplying  the  soffionis  are  represented  as 
cutting  across  the  several  formations,  but  no  suggestion  as  to  their 
primary  source  is  offered.  With  respect  to  volcanoes,  M.  Daubr^e 
observes  that  in  spite  of  the  idea  which  they  suggest  generally  of 
melted  rocks  originating  in  the  dry  way  (voie  ignee)),  before  all 
things  they  represent  supplies  of  water,  since  everywhere  the  vapour 
of  water  is  one  of  the  principal  products  of  their  activity.  An 
effective  cut  of  the  explosion  of  Erakatau  helps  to  illustrate  this. 

Book  II.  supplies  us  with  some  valuable  facts  relative  to  the 
temperature  both  of  cold  and  hot  springs. 

Book  III.  deals  with  the  composition  of  underground  waters, 
Firstof  all  the  author  enumerates  thesubstances  dissolved  or  chemically 
deposited  by  them.  Speaking  generally,  one  may  say  that  nearly  all 
the  elements  or  their  primary  compounds  exist  dissolved  in  water 
aometohere,  either  with  or  without  the  aid  of  other  solvents ;  but 
sulphur,  silica,  and  carbonate  of  lime  are  amongst  the  most  abundant 
deposits.  By  way  of  illustration  Mons.  Daubr^e  gives  a  photograph 
of  the  mnd  springs  with  sulphur  at  Crater  Hill  after  Hayden,  and 
many  other  pictorial  representations  of  silica  and  limestone  deposits, 
taken  from  various  quarters  of  the  globe.  Most  of  these  are  now  in 
full  operation.  Compounds  of  aluminium  are  rare;  nevertheless  the 
hydrous  silicates  of  that  mineral,  such  as  allophane,  are  still  being 
deposited.  With  respect  to  the  classification  of  mineral  waters  Mons. 
Daubree  will  not  admit  of  any  preconceived  ideas:  the  predomi- 
nating substances  must  decide  the  grouping.  The  families  are 
classified  according  to  the  principal  electro- negative  element,  as 
chlorides,  sulphides,  sulphates,  carbonates  and  silicates  :  the  genera 
by  the  principal  electro-positive  (basic)  element,  as  sodic,  calcic, 
magnesic,  etc.  Under  such  an  arrangement  the  waters  of  the  Old 
Sulphur  Well  at  Harrogate,  which  is  a  "  strong  saline  sulphur" 
containing  about  1000  grains  of  haloid  salts  to  the  gallon,  would  be 
classified  as  a  brine,  in  spite  of  its  free  hydrogen  sulphide  and  its 
five  grains  per  gallon  of  sodium  sulphydrate  appealing  alike  to  the 
taste  and  smell.  At  the  same  time  it  is  not  easy  to  say  where  Mons. 
Daubree  would  draw  the  line,  since  he  cites  a  spring  at  Bareges  as  a 
sulphur  water  which  contains  0*04  grms.  of  sulphide  of  sodium  to 
the  litre  out  of  Oil  grms.  of  fixed  substances,  i.e,  rather  more 
than  one-third.  This  is  what  would  be  called  a  "  pure  sulphur 
water  "  in  the  language  of  the  Harrogate  doctors. 

The  silicated  waters  (sources  silicatees),  as  Mons.  Daubree  justly 
observes,  are  of  the  highest  interest  to  the  geologist  The  silica 
would  usually  seem  to  be  in  combination  with  soda,  but  weighable 
quantities  of  the  silicates  of  lime,  magnesia  and  alumina  have  been 
found  in  a  water  of  the  Hautes-Pyrenees. 

After  glancing  at  the  reactions  of  underground  waters  on  the 
material  bathed  by  them,  the  author  proceeds  to  consider  the  origin 
of  the  substances  dissolved  in  the  water  or  chemically  deposited  by 
them.  Amongst  the  most  obvious  are  the  filth  of  cities  draining 
into  rivers  and  contaminating  the  waters  of  shallow  wells;    then 
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there  are  rooks  soluble  in  water,  such  as  rock-salt  and  gypsum,  and 
the  carbonates,  which  require  the  aid  of  free  carbonic  acid  in  the 
waters,  rocks  whose  decomposition  produces  soluble  matter  such  as 
pyrites,  etc.,  etc.  Also  water  charged  with  saline  matter  probably 
possesses  greater  solvent  powers  over  certain  substances.  The 
author  then  considers  the  principal  elements  and  source  of  these 
compounds  in  succession  in  a  tolerably  long  chapter. 

In  a  fourth  book  Mons.  Daubree  makes  some  general  observations 
relative  to  the  subject,  and  especially  diacusses  the  origin  of  the 
temperature  of  underground  waters.  Again  he  illustrates  the 
subject  with  numerous  sections,  showing  from  instances  culled  in 
all  directions  how  the  result  may  be  influenced  by  plications  of  the 
strata  at  high  angles,  whereby  the  waters  are  drawn  down  through 
synclinal  fohls  to  depths  where  considerable  elevation  of  temperature 
obtains.  Even  extinct  volcanoes,  and  rocks  of  volcanic  origin,  such 
as  basalts  and  trachytes,  retain  sufficient  heat  to  influence  the  waters 
which  percolate  them.  Asia  Minor,  for  instance,  is  a  country 
exceptionally  rich  in  thermal  springs.  The  subject  of  geysers  and 
volcanoes  is  again  resumed.  With  regard  to  the  latter.  Mens. 
Daubree  quotes  Mr.  W.  L.  Green,  who  has  studied  the  Hawaiian 
volcanoes,  to  the  efi^ect  that  in  the  eruptions  of  that  archipelago  the 
vapour  of  water  has  only  played  a  secondary  part  This  is  an 
important  quotation  in  view  of  M.  Daubree's  previous  assertions 
with  respect  to  the  functions  of  underground  waters  in  these 
phenomena.  It  also  bears  upon  a  question  which  has  of  late  much 
engaged  the  attention  of  Prof.  Prestwich  and  other  writers.  Lastly, 
Mons.  Daubree  discusses  the  part  which  water  may  play  in  earth- 
quakes. 

An  index  of  subjects,  a  second  of  localities,  and  a  third  of  anthers, 
accompanies  the  work,  wliich,  although  having  no  special  claim  to 
originality,  constitutes  a  valuable  text-book  on  the  question  of  under- 
ground waters,  considered  under  almost  every  aspect  which  can  well 
be  conceived.  For  geological  purposes  it  also  afibrds  a  good  intro- 
duction to  the  companion  work  already  noticed,  whicii  is  likewise 
provided  with  copious  indexes. 

W.  H.  H. 
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November  23,  1887.— Prof.  J.  W.  Judd,  F.R.S.,  President,  in  the 
chair. — The  following  communications  were  read  : — 

1.  "  Note  on  a  New  Wealden  Iguanodont,  and  other  Dinosaurs." 
By  R.  Lydekker,  Esq.,  B.A.,  F.G.S. 

The  new  species  of  Iguanodon  was  founded  upon  a  left  ilium  and 
ischium,  parts  of  the  pubis  and  tibia,  two  metatarsals,  sevei*al  dorsal 
lumbar  and  caudal  vertebrsa  and  other  bones,  obtained  by  Mr. 
C.  Dawson,  F.G.S. ,  from  the  Wadhurst  clay  of  the  Hastings  Sand. 
The  species  now  described,  which  was  named  after  the  discoverer, 
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and  Igwjknodon  Prestwichi,  were  shown  to  form  a  peculiar  and 
aberrant  group  of  the  genus  Igtianodon,  A  maxilla  from  the 
Wealden  of  the  Isle  of  Wight  was  also  described  and  referred  to 
Omithopsis, 

The  recent  examination  by  the  author  of  the  remains  of  Dino- 
sauria  in  the  British  Museum  for  the  purpose  of  preparing  a 
catalogue,  had  enabled  him  to  make  several  notes  on  the  various 
forms  represented  in  the  collection,  and  these  notes  were  embodied 
in  the  present  paper.  The  principal  subjects  mentioned  were  the 
following: — The  identification  of  Iguanodon  Seeleyi  with  J.  bemia- 
iartenata ;  the  genera  Sphenoapondylua  and  Cumnoria  of  Prof.  Seeley ; 
a  British  species  of  Trachodon  from  the  Cambridge  Greensand ;  an 
ilium,  provisionally  referred  to  Hylaoaauruay  from  Ouckfield ;  the 
genera  Vectiaaurua  and  Begnoaaurus ;  the  relations  of  the  Sauro- 
poda  and  Theropoda ;  the  type  specimen  of  Ornithopaia  Hulkei ; 
the  similarity  of  the  humerus  in  Peloroaaurua  and  Brontoaaurua ;  the 
vertebne  and  other  remains  of  Cetiosaurua  hrevia;  the  humerus  of 
C,  httmerocriatatua  and  its  relations  to  lachyroaauriia,  Hulke,  QigantO" 
aaurua,  Seeley,  and  Ornithopaia  Leedaii,  Huike ;  the  affinities  between 
Ceiioaaurua  oxonienaia  and  Moroaaurua ;  the  occurrence  of  TitanO' 
aaurua  in  the  Wealden  of  England  and  the  possible  identification  of 
that  genus  with  the  Dinodoeua  of  Owen  ;  the  vertebras  described  by 
Owen  as  Bothrioapondylua  magnua;  the  types  of  the  genera  TkeeO" 
apondylua  and  Bothrioapondylua ;  and  some  Megalosaurian  teeth. 

2.  "  On  the  Cae-Gwyn  Cave."  By  T.  McKenny  Hughes,  M.A., 
F.G.S.,  Woodwardian  Professor  of  Geology,  Cambridge. 

The  subject  fell  into  two  divisions :  Tbe  Age  of  the  Drift  outaide 
the  Cave,  and  The  relation  of  the  deposits  in  the  Cave  to  that  Drift. 
The  author  contended  that  the  drift  outside  the  cave  was  a  marine 
deposit  remanii  from  older  beds  of  glacial  age,  but  was  itself  post- 
glacial and  of  approximately  the  same  date  as  tbe  St.  Asaph  drift ; 
in  confirmation  of  which  he  gave  the  following  list  of  shells  from 
that  drift  outside  the  cave; — Oatrea  eduliay  Pecten  vartua,  Mytilua 
edtdia,  Cardium  echinatum,  C,  edulcy  Cyprina  ialandicOf  Ai<tarte 
horealia,  A,  aulcata.  A,  vur.,  Venfia  gallina,  Tellina  halthica,  Psam- 
mobia  ferroenaia,  Mya  truncata,  Fiaaurella  graca,  Litlorina  littorea, 
Turritella  terebra,  and  Buccinum  undatum;  pointing  out  that  there 
was  only  the  one  species  of  Astarte  among  them  which  was  not 
common  on  the  adjoining  coast,  just  as  there  were  in  the  older  post- 
glacial river-gravels  of  the  S.E.  of  England  two  locally  extinct 
forms,  the  CorbicvJa  Jluminalia  and  the  Unio  littoraliay  and  discussing 
various  difficulties,  stratigraphical  and  palaeontological,  in  the  way 
of  accepting  the  view  that  the  cave-deposits  were  glacial,  inter- 
glacial,  or  preglacial.  For  instance,  he  remarked  that  there  were 
no  marks  of  glaciation  on  the  face  of  the  rock  in  which  the  cave 
occurred ;  that  the  cave-deposits  were  like  drift  because  derived 
from  it,  but  that  no  continuity  existed  between  the  drift  and  tbe 
cave-deposits ;  that  there  was  a  much  greater  thickness  of  rain-wash 
and  resorted  marine-drift  looped  down  over  the  upper  opening  into 
the  cave  than  over  the  adjoining  surface.     The  upper  part  of  this 
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resorted  drift  is  exactly  similar  to  the  material  whioh  bad  aooama- 
lated  against  the  old  fenoe,  the  very  existence  of  which  had  been 
denied.  The  swallow-hole  action  to  which  he  referred  the  pheno- 
mena was  proved  by  the  opened  fissures  and  vertical  cylindrical 
boles  in  the  limestone  and  by  the  occurrence  of  a  land-shell  {Zanite$ 
eellarius).  He  held  that  there  had  been  a  breakdown  of  the  roof 
and  wall  of  the  cave  under  the  drift,  and  that  angular  masses  of 
limestone,  doe  to  this  cause,  were  found  all  along  in  front  of  the 
upper  opening  to  the  cave.  No  bones  were  found  outside  that 
barrier,  there  being  no  bones  in  the  shell-bed  and  no  shells  in  the 
bone-bed  except  the  land-shell  washed  down  through  a  fissure. 

Instead,  therefore,  of  the  difficult  task  of  proving  that  there  were 
in  the  district  many  well-known  processes  connected  with  subter- 
ranean denudations,  which  might  explain  the  superposition  of  the 
marine  drift  upon  the  bone-earth,  each  of  which  had  played  a  part 
in  producing  the  results  observed,  he  maintained  that  we  had  now 
the  clearest  evidence  as  to  the  exact  manner  in  which  it  was  all 
brought  about,  namely,  that  the  marine  drift  was  deposited  before 
the  occupation  of  the  cave  by  the  animals  whose  remains  have  been 
found  in  it;  that  at  the  time  of  the  occupation  of  the  cave  the 
upper  opening  now  seen  did  not  exist,  but  the  animals  got  in  by 
the  other  entrance  ;  that  against  the  wall  of  the  cave  where  it 
approached  most  nearly  to  the  face  of  the  cliff,  the  drift  lay  thick 
as  we  now  see  it;  that  by  swallow-hole  action  the  cave  was  first 
partially  filled,  and  then  the  thinnest  portion  of  its  wall  gave  way 
gradually,  burying  the  bone-earth  below  it,  and  letting  down  some 
of  the  drift  above  it,  so  that  some  of  it  now  looks  as  if  it  might 
have  been  laid  down  by  the  sea  upon  preexisting  cave-deposits. 

IL— December  7,  1887.— Prof.  J.  W.  Judd,  F.R.S.,  President,  in 
the  chair. — The  following  communications  were  read  : — 

1.  "A  Letter  from  H.M.  Secretary  of  State  for  the  Colonies,  en- 
closing an  account  of  recent  Discoveries  of  Gold  in  the  Transvaal." 

The  deposits  in  which  gold  has  been  found,  locally  known  as 
"  banket,"  consist  of  a  quartz-conglomerate  fonning  so-called  **  reefs," 
which  traverse  the  veldt  paralled  to,  but  at  a  short  distance  from 
the  rocky  ridge  of  Witwatersrand.  Tliese  masses  always  dip  to  the 
south,  hut  at  angles  varying  from  30°  up  to  90°.  The  *'  reefs "  are 
believed  to  have  been  discovered  by  Mr.  Struben,  an  English  gentle- 
man long  resident  in  the  country.  The  "  main  reef "  has  been  traced 
for  twenty -five  or  thirty  miles,  and  varies  in  breadth  from  3  feet 
6  inches  to  15  feet;  parallel  and  branching  "reefs"  of  smaller 
dimensions  have  also  been  found.  The  yield  of  gold  is  said  to  be 
very  variable  in  difierent  portions  of  the  "  reef,"  different  samples 
with  from  3  oz.  to  ^  oz.  per  ton  occurring  in  close  proximity.  So 
far  as  observation  has  gone  (and  the  deepest  workings  have  only 
reached  a  depth  of  from  70  to  150  feet),  the  yield  of  gold  has  gene- 
rally increased  as  the  reefs  are  followed  downwards. 

2.  "  On  the  Age  of  the  Altered  Limestone  of  Strath,  Skye."  By 
Dr.  Archibald  Geikie,  F.R.S.,  V.P.G.S. 
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The  remarkable  alteration  of  the  limestone  of  Strath  into  a  white 
saccharoid  marble,  first  described  by  Maculloch,  has  hitheilo  been 
regarded  as  an  instance  of  contact-metamorphism  in  a  rock  of  Liassio 
age.  The  various  writers  who  have  described  the  geology  of  the 
district  have  followed  Macoulloch  in  classing  the  whole  of  the 
ordinary  and  altered  limestone  with  the  Secondary  series  of  the  Inner 
Hebrides.  The  author,  however,  saw  reason  in  1861  to  suspect  that 
some  part  of  the  limestone  must  be  of  the  age  of  the  Durness  Lime- 
stone of  Sutherland,  that  is,  Lower  Silurian ;  and  he  expressed  this 
suspicion  in  a  joint  paper  by  the  late  Sir  R.  I.  Murcbison  and  him- 
self, published  in  the  18th  volume  of  the  Quarterly  Journal  of  the 
Society.  He  has  recently  returned  to  the  subject,  and  now  offers 
lithological,  stratigraphical,  and  palsBontological  evidence  that  the 
altered  limestone  is  not  Lias,  but  Lower  Silurian. 

In  lithological  characters  the  limestone,  where  not  immediately 
affected  by  the  intrusion  of  the  eruptive  rocks,  closely  resembles  the 
well-known  limestones  of  the  west  of  Sutherland  and  Ross-shire.  It 
is  not  more  altered  than  Palssozoic  limestones  usually  are.  It  con- 
tains abundant  black  chert-concretions  and  nodules,  which  project 
from  the  weathered  surfaces  of  the  rock  exactly  as  they  do  at  Durness. 
These  cherts  do  not  occur  in  any  of  the  undoubted  Lias  limestones 
of  the  shore- sections.  The  limestone  lies  in  beds,  which,  however, 
are  not  nearly  so  distinct  as  those  of  the  Lias,  and  have  none  of  the 
interstratifications  of  dark  sandy  shale  so  conspicuous  in  the  true 
Liassic  series. 

The  stratigraphy  of  the  altered  limestone  likewise  marks  it  off  from 
the  Lias.  There  appears  to  be  a  lower  group  of  dark  limestones  full 
of  black  cherts,  and  a  higher  group  of  white  limestones  with  little 
or  no  chert,  which  may  be  compared  with  the  two  lower  groups  of 
the  Durness  Limestone.  A  further  point  of  connexion  between  the 
rocks  of  the  two  localities  is  the  occurrence  of  white  quartzite  in 
association  with  the  limestone  at  several  places  in  Strath,  and  of 
representatives  of  the  well-known  "  fucoid  beds  "  at  Ord,  in  Sleat. 
These  latter  strata  form  a  persistent  band  between  the  base  of  the 
limestone  and  the  top  of  the  quartzite,  which  may  be  traced  all  the 
way  from  the  extreme  north  of  Sutherland  southward  into  Skye. 

Pal  aeon  tological  evidence  confirms  and  completes  the  proof  that 
the  limestone  is  of  Lower  Silurian  age.  The  author  has  obtained 
from  the  limestone  of  Ben  Suardal,  near  Broadford,  a  number  of 
fossils  which  are  specifically  identical  with  those  in  the  Durness 
Limestone,  and  so  closely  resemble  them  in  lithological  aspect  that 
the  whole  might  be  believed  to  have  come  from  tlie  same  crag. 
Among  the  fossils  are  species  of  Cyclonema,  Murchisoniay  Maclurea, 
Orthoceraa,  and  Piloceras, 

The  relations  of  the  limestones  containing  these  fossils  to  the  other 
rocks  were  traced  by  the  author.  He  showed  that  the  Lias  rests  upon 
the  Silurian  limestone  with  a  strong  unconformability,  and  contains 
at  its  base  a  coarse  breccia  or  conglomerate,  chiefly  composed  of 
pieces  of  Silurian  limestone,  with  fragments  of  chert  and  quartzite. 
The  metamorphism  for  which  Strath  has  been  so  long  noted  is  con- 


44       Reports  and  Proceedings — Geological  Society  of  London. 


fined  to  the  Silurian  limestone,  and  has  been  produced  by  the  in- 
trusion of  large  bosses  of  granophyre  (Macculloch*B  "  syenite ") 
belonging  to  the  younger,  or  Tertiary  series  of  igneous  rocks. 

3.  **  On  the  Discovery  of  Trilobites  in  the  Upper  Green  (Cambrian) 
Slates  of  the  Penrhyn  Quarry.  Bethesda,  near  Bangor,  North  Wales." 
By  Dr.  Henry  Woodward,  F.K.S.,  V.P.G.S. 

The  absence  in  Wales  of  organisms  in  the  Longroynd  and  Harlech 
group  renders  any  discovery  of  fossils  in  beds  of  this  early  horizon 
of  the  utmost  importance. 

A  portion  of  a  Trilobite  {Palaopyge  Itamsayt)  and  Annelide 
burrows  had  already  been  found  ;  but  Dr.  Hicks,  at  St.  Davids,  has 
added  a  sponge,  2  Ostracods,  6  Trilobites,  2  LinguleUa,  and  2  Theem 
(Agnostus,  Flutonia,  Paradoxides,  Conocoryphe  Lyellif  C.  bufo,  and 
idicrodisrus  aculptua). 

Dr.  Hicks  has  pointed  out  the  singular  absence  of  organic  remains 
in  the  Longmynds  both  in  Shropshire,  N.  Wales,  and  Ireland,  and 
has  urged  the  need  of  further  explorations.  As  if  in  answer  to  this, 
the  author  has  received  from  Prof.  Dobbie  an  impression  and  counter- 
part of  a  Trilobite  from  Bethesda,  near  Bangor,  about  3^  in.  long  and 
1^  in.  broad,  also  the  head  of  a  second  specimen  of  the  same  species. 
These  specimens  were  obtained  fntm  the  Upper  Green  bed  of  the 
quarry,  which  immediately  underlies  the  grits  forming  the  brow  of 
Bronllwyd  and  overlies  the  Purple  Slate.  The  glabella  is  marked  by 
three  oblique  furrows  on  each  side,  the  cheek-sutures  are  very  obscure, 
and  the  eyes,  which  are  minute  (probably  rudimentary),  occupy  the 
centre  of  the  free  cheek,  the  suture  obliquely  dividing  the  free  cheek 
from  the  fixed.  The  outline  of  the  head  is  rounded.  There  are 
fourteen  free  thoracic  segments.  The  pygidium  consists  of  about 
three  coalesced  somites. 

Comparing  the  Bangor  fossil  with  Paradoxides,  we  find  that 
Paradoxides  has  about  twenty  free  segments. 

AsaphuSf  Ogygia,  and  Niobe  have  only  eight  thoracic  rings,  and 
the  caudal  shield  is  very  large. 

Angelina  agrees  with  the  Bethesda  specimen  in  the  number  of  its 
free  segments ;  but  the  glahella  is  smooth,  the  pleursd  are  broader, 
and  the  cheek-spines  very  long. 

Olenus  has  fourteen  rings ;  the  glabella  is  furrowed,  but  the  head- 
shield  is  shorter  and  broader,  and  the  ends  of  the  pleuras  and  margin 
of  the  caudal  shield  are  usually  produced  into  spines.  Olenus  is 
also  smaller. 

Conocoryphe  has  fourteen  free  segments  ;  the  axis  is  parallel-sided, 
and  does  not  diminish  backward  from  the  head  to  the  pygidium ; 
each  ring  of  the  axis  is  notched  on  its  posterior  border,  and  the  ends 
of  the  pleurae  are  rounded  ;  the  glabella  is  furrowed  obliquely  ;  the 
eyes  are  often  wanting  or  are  minute. 

From  these  considerations  the  author  concludes  the  Bangor  fossil 
to  be  referable  to  Conocoryphe,  and  to  a  new  species,  C.  viola. 

The  Trilobite  was  found  by  Robert  E.  Jones  and  Robert  Lloyd, 
two  quarrymen,  at  Bethesda.  Afterwards  Prof.  Dobbie  found  a 
detached  head  of  the  same  species  near  the  spot  where  the  original 
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specimen  was  obtained.  The  autlior  desires  to  return  thanks  to 
Prof.  J.  Dobbie,  of  the  University  College  of  North  Wales,  Bangor, 
for  the  opportunity  of  describing  these  specimens. 

4r.  "  On  ThecoBpondyluB  Daviesi,  Seeley.  with  some  Remarks  on  the 
Classification  of  the  Dinosauria."  By  Prof.  H.  G.  Seeley,  F.R.S., 
F.G.S. 

The  author  described  the  anterior  third  of  a  vertebra  from  the 
Wealden,  which  was  recognized  by  Mr.  Davies  as  the  cervical 
vertebra  of  an  animal  allied  to  the  genus  Ccelurua,  Marsh.  The 
only  European  genus  hitherto  described  in  which  the  vertebras  are 
sinularly  elongated,  compressed,  and  enveloped  in  a  dense  external 
film  of  bone  is  that  indicated  by  the  sacrum,  named  Thecofpondylus 
Homeri,  whose  vertebrae  are  about  11  centimetres  long,  whilst  the 
cervical  vertebrsB  now  under  discussion  were  9  centimetres  long 
when  complete.  The  specimen  has  lost  the  prezygapophyses  and 
cervical  ribs.  If  these  were  restored,  they  would  probably  approxi- 
mate in  shape  to  those  of  Ccelurus  frag  His. 

The  author  gave  an  outline- restoration.  The  points  of  resemblance 
were  chiefly  the  elongated  form,  lateral  compression  of  centrum  and 
neural  arch,  inclined  articular  face  of  centrum,  mode  of  attachment 
of  the  ribs,  the  convex  external  surface  of  the  neural  arch,  almost 
total  suppression  of  the  neural  spine,  and  the  thin  texture  of  the 
bone.  But  this  affinity  does  not  amount  to  generic  identity,  and  he 
indicates  the  points  of  difference.  In  estimating  the  resemblance  to 
Thecospondylus  he  regards  the  thinness  of  the  investing  layer  of 
bone,  the  smoothness  of  its  internal  surface,  and  the  elongation  and 
lateral  compression  of  the  vertebrsB,  and  a  certain  general  approxi- 
mation in  form  ;  the  most  remarkable  difference  is  the  absence  from 
the  cast  of  Thecospondylns  Horneri  of  indications  of  films  of  bone,  or 
evidence  of  internal  plates,  such  as  are  seen  in  the  present  specimen. 
He  observed  that  Prof.  Marsh  regards  Ccelurus  fragilis  as  a  generalized 
Sauropsid,  with  more  resemblance  to  Dinosaurs  than  to  Pterodactyles. 

Professor  Marsh  has  formed  an  Order,  Sauropoda,  which  includes 
Cetiosaurns  and  Oruithopsis,  The  author  remarks  that  he  had  already 
suggested  Cetio^5auria  as  separable  from  the  rest  of  the  Dinosaurs. 
When  an  additional  Order  is  instituted  for  animals  with  cavernous  or 
pneumatic  vertebrae,  the  Theropoda  of  Marsh,  under  which  CoRlurns 
is  grouped,  it  becomes  necessary,  in  order  to  determine  the  systematic 
position  of  Thecospondylns,  to  review  its  relations.  The  author  would 
unite  Sauropoda  with  Theropoda  into  one  Order,  the  Sauriscliia, 
whose  pneumatic  skeleton  is  an  approximation  towards  Ornithosaurs 
and  Birds. 


coie.ie.Esi^onsriDEasrcE!. 


CLASSIFICATION     OF     THE     DIXOSAURIA. 

Sir, — Will  you  allow  me  to  state  that  I  did  not  forward  to  the 
Geological  Magazine  the  abstracts  of  my  British  Association  papers 
printed  in  the  December  Njmiber,  pp.  561-563,  and  that  no  proof  of 
those  abstracts  was  submitted  to  me ;  so  that  I  am  not  responsible 
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for  the  publication.  In  the  paper  on  the  classification  of  the  Dino- 
sauria,  I  do  not  adopt  the  names  given  on  p.  562 ;  but  use  the  name 
Omiihischia  for  the  order  of  which  Omosaurus  is  an  eraniple,  there 
named  Omosauria  ;  while  the  name  Saurisehia  is  used  for  the  order 
comprising  allies  of  Cetiosaurus,  there  named  Cetiosauria.  I  shall 
be  glad  if  this  erratum  is  corrected  on  p.  562,  so  that  the  names 
which  appear  there  may  not  be  quoted,  and  may  be  considered  not 
to  have  been  published. 

Thb  Vinb,  Sevbmoaks,  Dee.  3,  1887.  '       H.  G.  8eelxy. 


DIMETIAN  OF  ST.  DAVIDS. 

Sir, — Mr.  Mellard  Reade  in  his  paper  *'  On  the  Dimetian  of  St 
Davids "  does  not  state  whether  the  rock  which  be  found  included 
in  the  **  Dimetian,"  and  which  he  calls  a  **  green  shale/'  has  been 
proved  to  be  such  by  microscopic  examination.  Will  he  kindly 
supply  the  omission ;  because,  without  such  an  assurance,  bis  proof 
of  the  intiiisive  character  of  the  "  Dimetian  "  has  no  more  validity 
than  an  arch  without  a  keystone.  T.  G.  Bonkst. 


PROF.  BONNEY  ON  BANDED  GNEISSES  AND  THE  METAMORPHIC 

ROCKS  OF  SOUTH  DEVON. 

SiK, — Would  you  kindly  allow  me  space  for  reply  to  Professor 
Bonney's  letter  in  your  issue  for  December,  on  the  above  subjects, 
more  especially  the  latter,  which  directly  affects  myself.  This 
portion  of  his  letter  forms  a  marked  contrast  to  the  other,  and  at  the 
outset  I  beg  to  protest  against  its  style  and  tone,  which  I  shall  not 
condescend  to  imitate  in  this  repl}'. 

It  is  possible  or  even  probable  that  I  may  be  wrong  in  my 
interpretation  of  these  South  Devon  rocks,  and  if  so,  on  further  aud 
better  proof  I  shall  be  as  happy  in  the  opposite  conclusion,  as  I 
earnestly  trust  that  I  follow  science  or  truth  for  its  own  sake. 

With  regard  to  the  use  of  the  microscope  in  geology,  let  me 
respectfully  remind  Prof.  Bonney  that  it  is  not  everything.  It  so 
happens  that  I  too  have  a  stake  in  the  '*  banded  gneisses  '*  of  the 
Lizard  district,  and  my  field-work  there  showed  me  that  the  whole 
of  his  "granulitic"  group  of  schists  were  rocks  of  true  igneous 
origin,  a  fact  forced  upon  me  without  the  aid  of  the  microscope ;  and 
further,  that  the  other  schists  in  which  the  Professor  describes 
current-bedding  and  ripple-drift,  etc.,  etc.,  I  strongly  suspected  to 
have  had  also  an  igneous  origin,  and  these  appearances  due  to  very 
different  causes,  facts  which  have  since  been  corroborated  by  a  high 
authority.  So  much  for  the  use  and  non-use  of  the  microscope,  an 
instrument  in  research  which  I  do  not  undervalue,  and  which  I  mean 
to  become  better  acquainted  with. 

It  is,  however,  against  the  tone  of  the  Professor's  letter  that  I 
complain,  and  I  would  invite  him  (and  the  rest  of  your  interested 
readers)  to  compare  the  portion  of  it  relating  to  myself  with  the  last 
paragraph  of  his  own  article  in  "Nature"  for  November  lOth. 

69,  Fleet  Stkeet,  Torquay,  Dee,  15,  1887.  Alex.  Somkrvail, 
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THE  MAMMOTH  AND  THE  FLOOD. 

We  have  received  a  somewhat  lengthy  communication  from  Mr. 
H.  H.  Ho  worth,  M.P.,  in  which  he  reminds  us  that  so  recently  as 
1880  Sir  Andrew  Ramsay  expressed  the  opinion  that  **  from  the 
Laurentian  epoch  down  to  the  present  day,  all  the  physical  events 
in  the  history  of  the  earth  have  varied  neither  in  kind  nor  in 
intensity  from  those  of  which  we  now  have  experience."  (Address 
to  Geoi.  Section,  Brit.  Assoc,  Swansea.)  We  are  glad  to  be  in 
sympathy  with  Mr.  Howorth  in  his  opposition  to  this  doctrine,  but 
we  do  not  believe  it  is  upheld  by  many  geologists  at  the  present 
day,  nor  is  it  taught  in  modern  text-books.  (See  Geology,  by  A.  H. 
Green,  Ed.  3,  1882,  pp.  694-696;  Text-Book  of  Geology,  by  A. 
Geikie,  Ed.  2,  1885,  pp.  3,  178 ;  Outlines  of  Geology,  by  James 
Geikie,  1886,  p.  3.) 

Mr.  Howorth  contends  that  over  the  greater  portion  of  the  Earth's 
surface  there  is  no  such  denudation  going  on  (or  even  possible)  as 
that  which  has  taken  place  in  past  times.  We  have  not  disputed 
the  notion  that  excessive  denudation  may  have  taken  place  in  former 
times,  for  instance,  during  the  Glacial  period.  Mr.  Howorth,  how- 
ever, objects  to  the  employment  of  the  term  Denudation  to  include 
the  action  of  springs  and  rivers  in  carrying  away  the  soluble 
constituents  of  rocks  I  We  are  aware  that  literally  the  term  is 
inapplicable,  but  in  nearly  every  geological  work  it  is  used  to 
signify  the  removal  of  material  from  any  portion  of  the  land.  Mr. 
Jukes-Browne  has  indeed  suggested  that  the  word  Detrition  be 
used  in  this  sense  in  place  of  Denudation,  but  we  are  averse  to  the 
introduction  of  new  names,  when  the  old  ones  are  sufficiently 
intelligible.  In  reference  to  this  subject  we  may  refer  Mr.  Howorth 
to  a  work  by  Mr.  Mellard  Keade  on  *' Chemical  Denudation  in 
relation  to  Geological  Time."  Edit.  Gkol.  Maq.* 

TUE  DIMETIAN  OF  ST  DAVIDS. 

Sib, — Mr.  Mellard  Keade's  paper  in  the  Geological  Magazine 
for  December  on  the  Dimetian  of  St.  Davids  contains  such  striking 
evidence  of  a  want  of  acquaintance  with  the  subject,  and  such  hasty 
conclusions  founded  on  erroneous  observations,  that  I  should  not 
consider  it  necessary  to  reply  to  it,  were  it  not  that  a  definite  piece 
of  so-called  evidence  is  given  which  may  lead  to  some  misapprehen- 
sion if  not  corrected. 

The  piece  of  evidence  which  he  gives  to  prove  "  that  the  rock  is 
not  in  any  sense  Archaean,  but  is  post-Cambrian,  and  intrusive," 
occurs  in  the  following  passage  relating  to  the  sections  at  Porthclais  : 
"At  a  distance  of  about  30  feet  north  of  this  contact  and  embedded 
in  the  granite  is  a  vein  of  green  shale  about  18  inches  across  and 
another  about  10  feet  nearer  to  the  contact  about  six  inches  across. 

*  As  Mr.  Howorth  reminds  us  in  his  letter  that  the  more  important  issues  raised 
by  his  Reviewer  (see  Gfol.  Mao.  October  1887,  p.  473)  can  only  be  properly 
dl8cu»^ed  when  his  second  volume  appears,  we  are  content  to  await  the  issue  of  that 
work— the  limited  space  at  our  disposal  not  admitting  of  the  publication  of  lengthy 
letters  in  reply  to  Keviews. — Edit.  Geol.  Mao. 
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Both  these  veins  of  shale,  but  especially  the  thinner  one,  have 
a  rudely  columnar  stnicture  at  right  angles  to  their  direction. 
Excepting  that  this  shale  is  a  little  more  indurated  and  more  like 
slate  in  its  constitution,  it  is  similar  to  the  Cambrian  green  shales 
that  overlie  the  basal  conglomerate.  These  veins  are  in  my  view 
undoubtedly  part  of  the  Cambrian  shale  entangled  in  the  granite,  bo 
that  the  granite  must  be  post-Cambrian." 

Now,  Sir,  these  veins  are  perfectly  well  known  to  all  who  have 
examined  the  sections  at  Portholais,  but  it  has  been  reserved  for  Mr. 
Heade  to  venture  to  call  them  Green  Cambrian  Shales.  Those  who 
have  examined  these  veins  with  any  care  have  had  no  difficulty  in 
recognizing  in  them  the  ordinary  behaviour  of  igneous  rocks,  €Uid  in 
proving  after  a  microscopical  examination  that  they  are  diabase 
dykes  !  Such  dykes,  as  is  well  known*  are  common  in  the  Dimetian, 
and  they  have  been  frequently  referred  to  in  my  papers.  Mr.  Reade 
would  therefore  have  acted  more  wisely,  if,  before  publishing  bis 
views,  he  had  taken  the  trouble  to  read  more  of  what  had  been 
written  on  the  subject,  and  also  had  consulted  a  petrologist  as  to  the 
nature  of  the  rocks  he  was  dealing  with. 

Hendon,  Lee,  3,  1887.  HenbY  Hickb. 

ON  BTOBLATTINA.  A  LARVAL  COCKROACH  FROM  THE  COAL- 
MEASURES  OF  KILMAURS,  AYRSHIRE;  DISCOVERED  BY  MR. 
LINTON,  OF  KILMARNOCK. 

My  attention  has  been  called  by  Mr.  Robert  Eidston,  F.G.S.,  to 
a  serious  omission  made  by  me  in  my  notice  of  Etohlattina  Peaehii 
in  the  Geological  Magazine  for  October,  1887,  p.  432. 

It  is  true  that  the  specimen  was  forwarded  to  me  by  my  friend, 
Mr.  B.  N.  Peach,  of  the  Geological  Survey  of  Scotland,  but  I  am 
now  informed  that  it  was  found  by  a  private  geologist,  Mr.  Linton, 
of  Kilmarnock,*  and  he  it  was  (and  not  the  friend  who  sent  it  to 
me)  whom  I  should  have  specially  mentioned  as  being  the  discoverer. 
I  regret  exceedingly  my  carelessness  in  not  making  further  inquiries 
of  Mr.  Peach  as  to  its  ownership  before  setting  out  to  describe  this 
interesting  Carboniferous  treasure,  and  I  take  this  opportunity  to 
thank  Mr.  Linton  most  cordially  for  placing  it  so  generously  at  Mr. 
Kidston's  disposal  for  examination.  We  are  all  so  deeply  indebted 
to  the  persevering  labours  of  such  private  geologists,  as  Mr.  Linton, 
that  I,  for  one,  wonld  be  the  last  to  omit  to  award  them  their,  full 
meed  of  honour. 

129,  Bbaufokt  Street,  S.W.  Henrt  Woodward. 

*  This  gentleman  entrusted  it  to  Mr.  Kidston  to  be  described.    Mr.    Kidston 
transferred  it  to  Mr.  Peach,  who  subsequently  transmitted  it  to  the  writer. — H.W. 

Western   Australia.— Mr.   Harrt    Page  Woodward,   F.G.S.,   F.R.G.S. 

(eldest  son  of  Dr.  Woodward,  F.R.S.,  V.P.G.S.),  who  served  for  more  than  three  years  under 
Mr.  H.  Y.  L.  Brown,  F.G.S.,  as  Assistant  Government  Geologist  in  South  Australia,  has 
been  appointed  by  Her  Majesty's  Secretary  of  State  for  the  Colonies  to  the  post  of  Govern- 
ment Geologist  for  Western  Australia.  Only  a  very  small  portion  of  this,  the  largest  of  the 
Australian  Colonies,  has  at  present  been  examined  by  a  geologist.  Mr.  Woodward  left  for 
Perth  on  the  and  of  December  last.— TVk^  Times,  Dec.  8,  i8«7. 
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I. — Note  on  New  Facts  belatino  to  Eozoon  Canadense.^ 
By  Sib  J.  William  Dawson,  LL.D.,  F.R.S.,  etc.,  etc 

(PLATE  IV.) 

I^HE  late  Dr.  Carpenter  had  undertaken  an  elaborate  series  of 
investigations  of  Eozoon,  based  on  all  the  material  oolleoted 
by  myself  and  others  in  Canada,  with  the  view  of  preparing  a 
complete  and  exhaustive  memoir  on  the  subject.  In  consequence  of 
this  arrangement  the  new  facts  obtained  for  several  years  have 
remained  unpublished.  Unhappily  the  work  was  left  at  his  lamented 
decease  in  a  very  incomplete  state. 

The  present  note  is  intended,  without  entering  into  any  contro- 
verted points,  to  notice  some  new  facts  respecting  the  fossil  and  its 
state  of  preservation,  which  have  been  disclosed  within  the  few  past 
years. 

I.  Form  of  Eozoon  Canaden»e. 

Hitherto  this  has  been  regarded  as  altogether  indefinite,  and  it  is 
true  that  the  specimens  are  often  in  great  confluent  masses  or  sheets, 
the  latter  often  distorted  by  the  lateral  pressure  which  the  limestone 
has  experienced.  The  specimen  from  Tudor,  however,  figured  by 
Sir  W.  E.  Logan  in  the  'Quarterly  Journal  of  the  Geological  Society,' 
1867,  p.  253,  and  that  described  by  me  in  the  '  Proceedings 
of  the  American  Association '  in  1876,  and  figured  in  my  work 
"  Life's  Dawn  on  Earth,"  gave  the  idea  of  a  turbinate  form  more  or 
less  broad.  More  recently  additional  specimens  weathered  out  of 
the  limestone  of  Cote  St.  Pierre  have  been  obtained  by  Mr.  E.  H. 
Hamilton,  who  collected  for  me  at  that  place ;  and  these,  on  com- 
parison with  several  less  perfect  specimens  in  our  collections,  have 
established  the  fact  that  the  normal  shape  of  young  and  isolated 
specimens  of  Eozoon  Canadense  is  a  broad ly-turbinate,  funnel-shaped, 
or  top-shaped  form,  sometimes  with  a  depression  on  the  upper  surface 
giving  it  the  appearance  of  the  ordinary  cup-shaped  Mediterranean 
sponges.  (See  PL  IV.  Fig.  1.)  The  photographs  exhibited  show  this 
appearance  in  two  specimens.  These  specimens  also  show  that 
there  is  no  theca  or  outer  coat  either  above  or  below,  and  that  the 
laminae  pass  outwards  without  change  to  the  margin  of  the  form, 
where,  however,  they  tend  to  coalesce  by  subdividing  and  bending 
together.  The  laminaa  are  thickest  at  the  base  of  the  inverted  cone, 
and  become  thinner  and  closer  on  ascending,  and  at  the  top  they 

1  Bead  at  the  Meeting  of  the  British  Association,  Sept.  5,  1887. 
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become  confounileil  in  a  general  vemoulat  or  aoerTuIine  layer.  I 
feel  now  convinced  that  broken  fragments  of  this  npper  sorftoe 
Bcnttered  over  the  sea-bottora  formed  those  layers  of  Arehaotplt^n* 
which  at  one  time  I  regarded  as  distinct  organiama. 

It  in  to  be  observed,  however,  that  other  forma  of  Eozoon  oocnr. 
More  especially  there  are  rounded  or  dome-shaped  masses,  that  seem 
to  have  grown  on  ridges  or  protuberances,  now  uanally  represented 
by  nuclei  of  pyroxene. 

2.  Poret  or  Oaeula. 

In  the  large  number  of  speoimenH  of  Eozoon  which  have  been  cut  or 
sliced  in  various  directions,  and  are  now  in  our  Musenm  at  Montreal, 
it  has  become  apparent  that  there  are  more  or  less  aylindrioal 
depressions  or  tubes  sometimes  filled  with  serpentine  and  some- 
times with  inorganic  calcite  croBSing  the  lamince  at  right  an^es. 
These  seem  to  occur  chiefly  in  the  large  and  confluent  maases,  and 
are  without  any  regular  or  definite  arrangement  In  some  of  tha 
narrower  openings  of  this  kind  the  laminre  oan  be  observed  to  sub* 
divide  and  became  confluent  on  the  sides  of  these  tubes,  in  the  aame 
manner  as  at  the  external  surface  This  circumstance  indaoea  me 
to  believe  that  these  are  not  accidental  but  original  parts  of  tha 
stracture,  and  intended  to  admit  water  into  the  lower  parta  of  the 
masses.  A  characteristic  example  of  a  fortunately  weathered 
specimen  is  seen  in  the  photograph  aocompauying  this  paper.  (See 
PI.  IV.  Fig.  2.)  A  central  canal  of  a  similar  kind  is  well  shown  in 
the  accompanying  illustration 


Sectioa  of  the  bau  of  a  turbinats  or  top-shtped  Eoain.  Tbia  ipecimen  ahom 
an  oaculifunn,  cj-lindricnl  aerfaratiaa,  cut  in  nich  a  manoer  u  to  abow  ita  rttietil»itd 
tcall  and  the  deacent  of  the  lamiiiii  towaid  it.  Two-thirda  of  oatural  tdie.  ColL 
Csnienter. 

[Tbia  illustration  (from  Prof.  P 
coiirteoualj  lent  bj  the  Cluendoa  P 
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3.  Beds  of  Fragmental  Eozoon. 

If  Eozoon  was  an  organism  growing  on  the  sea-bottom,  it  would 
be  inevitable  that  it  would  be  liable  to  be  broken  up,  and  in  this 
oondition  to  constitute  a  calcareous  sand  or  gravel.  I  have  already 
in  previous  papers  described  Laurentian  limestones  containing 
such  fragments  from  the  Grenville  band  at  Cote  St.  Pierre,  from  the 
Adirondack  Mountains  in  New  York  State,  from  Chelmsford, 
Massachusetts,  and  from  St  John,  New  Brunswick,  as  well  as  from 
Brazil,  and  the  Swiss  Alps.  Indeed,  the  Laurentian  limestones  of 
most  parts  of  the  world  hold  fragmental  Eozoon.  In  the  Peter- 
Bedpath  Museum  are  some  large  slabs  of  Laurentian  limestone 
sawn  under  the  direction  of  Sir  W.  E.  Logan,  and  showing  irregular 
layers  and  detached  masses  of  Eozoon  with  layers  or  bands  of  lime- 
stone and  of  ophiolite.  These  are  evidently  layers  successively 
deposited,  though  somewhat  disturbed  by  subsequent  movements. 
On  selecting  specimens  from  the  white  and  more  purely  calcareous 
layers,  I  was  pleased  to  find  that  they  abound  in  fragments  of 
laminae  of  Eozoon,  having  the  canals  filled  either  with  dolomite  or 
with  colourless  serpentine.  Other  portions  of  the  limestone  show 
the  peculiar  granulated  structure  characteristic  of  the  calcareous 
laminsd  of  Eozoon,  but  without  any  appearance  of  canals,  which 
may  in  this  case  be  occupied  with  calcite,  not  distinguishable  from 
the  substance  of  the  laminss.  There  are  also  indications  in  these 
beds  of  limestone  of  the  presence  of  Eozoon  not  infiltrated  with 
serpentine,  but  having  its  laminas  either  compressed  together,  or 
with  the  spaces  between  them  filled  with  calcite.  There  are  other 
fragments  which,  from  their  minute  structure,  I  believe  to  be 
organic,  but  which  are  apparently  dififerent  from  Eozoon. 

4.   Feins  of  Chrysotile, 

I  have  in  previous  papers  abundantly  shown  that  the  veins  of 
fibrous  chrysotile  which  abound  in  serpentinous  limestones  of  the 
Laurentian  are  of  secondary  aqueous  origin,  as  they  fill  cracks  or 
fissures  not  merely  crossing  the  beds  of  the  limestone,  but  passing 
through  the  masses  of  Eo2X)on  and  the  serpentinous  concretions 
which  occur  in  the  beds.  They  must,  therefore,  have  been  formed 
by  aqueous  action  long  after  the  deposition,  and  in  some  cases  after 
the  folding  and  crumpling  of  the  beds.  In  this  respect  they  differ 
entirely  from  the  laminsB  of  Eozoon,  which  have  been  subject  to  the 
same  compression  and  folding  with  the  beds  themselves. 

The  chrysotile  veins  have,  of  course,  no  connection  with  the 
structures  of  Eozoon,  though  they  have  often  been  mistaken  for  its 
more  finely  tubulated  portion.  With  respect  to  this  latter,  I  believe 
that  some  wrong  impressions  have  been  created  by  defining  it  too 
rigorously  as  a  "proper  wall."  In  so  far  as  I  can  ascertain,  it 
consisted  of  finely  divided  tubes  similar  to  those  of  the  canal- 
system,  and  composed  of  its  finer  subdivisions  placed  close  together, 
8()  as  to  become  approximately  parallel,  as  in  the  photograph  No.  4, 
sent  hertjwith. 
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5.  Nodtdes  of  Serpentine, 

HefereDce  has  been  made  in  previous  papers  to  the  nodales  and 
grains  of  serpentine  found  in  the  Eozoon -limestone,  but  destitute  of 
any  structure,  lliese  nodules,  as  exhibited  in  the  large  slabs 
already  referred ,  to,  have  however  often  patches  of  Eo2soon  attached 
to,  or  imbedded  in  them,  and  they  appear  to  indicate  a  super- 
abundance of  this  siliceous  material  accumulating  by  concretionary 
action  around  or  attached  to  any  foreign  body,  just  as  occurs  with 
the  flints  in  chalk.  The  layers  of  grains  and  serpentine  parallel  to 
the  bedding  appear  to  be  of  similar  origin. 

6.  State  of  Preservation. 

Becent  observations  more  and  more  indicate  the  importance  and 
frequency  of  dolomite  as  a  filling  of  the  canals,  and  also  the  fact 
that  the  serpentine  deposited  in  and  around  the  specimens  of  Eozoon 
is  of  various  qualities.  Dr.  Sterry  Hunt  Bas  shown  that  the  purely 
aqueous  serpentine  found  in  the  Laurcntian  limestones  is  of  different 
composition  from  that  occurring  with  igneous  rock*s,  or  as  a  product 
of  the  hydration  of  olivine.  There  are,  however,  different  varieties 
even  of  this  aqueous  serpentine,  ranging  in  colour  from  deep  green 
to  white ;  and  one  of  the  lighter  varieties  has  the  property  of 
weathering  to  a  rusty  colour,  owing  to  the  oxidation  of  its  iron. 
These  different  varieties  of  serpentine  will,  it  is  hoped,  soon  be 
analysed,  so  as  to  ascertain  their  precise  composition.  The  mineral 
pyroxene,  of  the  white  or  colourless  variety,  is  a  frequent  associate 
of  Eozoon,  occurring  often  in  the  lower  layers  and  filling  some  of 
the  canals.  Sometimes  also  the  calcareous  laminso  themselves  are 
partially  replaced  by  a  flocculent  serpentine,  or  by  pyroxenio  grains 
imbedded  in  calcite. 

7.  Other  Laurentian  Organisms. 

In  a  collection  recently  acquired  by  the  Peter-Redpath  Museum, 
from  the  Laurentian  of  the  Ottawa  district,  are  some  remarkable 
cylindrical  or  elongated  conical  bodies,  from  one  to  two  inches  in 
diameter,  which  seem  to  have  occurred  in  connection  with  beds  or 
nodules  of  apatite.  Tliey  are  composed  of  an  outer  thick  cylinder 
of  granular  dark-coloured  pyroxene,  with  a  core  or  nucleus  of  white 
felspar ;  and  they  show  no  structure,  except  that  the  outer  cylinder 
is  sometimes  marked  with  radiating  rusty  bands,  indicating  the 
decay  of  radiating  plates  of  pyrite.  They  may  possibly  have  been 
organisms  of  the  nature  of  Archeeocyathus ;  but  such  reference  must 
be  merely  conjectural. 

8.  Cryptozoum. 

The  discovery  by  Prof.  Hall,  in  the  Potsdam  formation  of  New 
York,  and  by  Prof.  Winchell  in  that  of  Minnesota,  of  the  large 
laminated  forms  which  have  been  described  under  the  above  name, 
has  some  interest  in  connection  with  Eozoon.  I  have  found  frag- 
ments of  these  bodies  in  conglomerates  of  the  Quebec  group, 
associated    with    Middle   Cambrian   fossils;    and,   whatever    their 
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zoologioal  relatioDB,  it  is  evident  that  they  occur  in  the  Cambrian 
rocks  under  the  same  conditions  as  Eozoon  in  the  Laurentian.  I 
find  also  in  the  Laurentian  limestones  certain  laminated  forms 
usually  referred  to  Eozoon,  but  which  have  thin  continuous  laminsB, 
with  spongy  porous  matter  intervening,  in  the  manner  of  Cryptozoum 
or  of  Lo/ituia,  Whether  these  are  merely  Eozoon  in  a  peculiar 
state  of  preservation  or  a  distinct  structure  I  cannot  at  present 
determine. 

9.   Continuity  and  Character  of  containing  Deposits, 

At  a  time  when  so  many  extravagant  statements  are  made  respect- 
ing the  older  crystalline  rocks,  it  may  be  proper  to  state  that  all  my 
recent  investigations  of  the  Middle  Laurentian  vindicate  the  results 
of  the  late  Sir  William  Logan  as  to  the  continuity  of  the  great  lime- 
stones, their  regular  interstratification  with  the  gneisses,  quartzose 
gneisses,  quartzites,  and  micaceous  schists,  and  their  association  with 
bedded  deposits  of  magnetite  and  graphite,  and  also  the  regularity 
and  distinctly  stratified  character  of  all  these  rocks.  Farther,  I 
regard  the  Upper  Laurentian,  independently  of  the  great  masses 
of  Labradorite  rocks,  which  may  be  intrusive,  as  an  important 
aqueous  formation,  characterised  by  peculiar  rocks,  more  especially 
the  anoi*thite  gneisses.  I  am  also  of  opinion  that  the  so-called 
crystalline  Huronian  rocks  of  the  country  west  of  Lake  Superior 
are  stratigraphically,  and  to  a  great  extent  lithologically,  equivalent 
to  the  Upper  Laurentian  of  St.  Jerome  and  other  places  in  the 
Province  of  Quebec,  diflfering  chiefly  in  the  greater  or  less  abundance 
of  intrusive  igneous  rocks. 

10.  Imitative  Forms, 

Tlie  extraordinary  mistakes  made  by  some  lithologists  in  studying 
imperfect  examples  of  Eozoon  and  rocks  supposed  to  resemble  it, 
and  which  have  gained  a  large  amount  of  currency,  have  rendered 
necessary  the  collection  and  study  of  a  variety  of  laminated  rocks, 
and  considerable  collections  of  these  have  been  made  for  the  Peter- 
Redpath  Museum.  They  include  banded  varieties  of  dolerite  and 
diorite,  of  gneiss,  of  apatite  and  of  tourmaline  with  quartz,  laminated 
limestone  with  serpentine,  graphic  granites,  and  a  variety  of  other 
laminated  and  banded  materials,  which  only  require  comparison 
with  the  genuine  specimens  to  show  their  distinctness,  but  many  of 
which  have  nevertheless  been  collected  as  specimens  of  Eozoon.  I 
do  not  propose  to  enter  into  any  detailed  description  of  these  here, 
but  hope,  with  the  aid  of  Dr.  Harrington,  to  notice  them  in  forth- 
coming Memoirs  of  the  Peter-Redpath  Museum. 

Postscript. — It  has  been  suggested  by  Mr.  Julien  ^  and  others 
that  Eozoonal  structure  may  be  due  to  the  alternation  of  mineral 
layers  formed  in  the  passage-beds  between  concretions  and  their 
enclosing  mass.     The  objections  to  this  view  are  : 

1.  Laminated  passage- rocks  and  laminated  concretionary  forms 

*  Proceed.  Amer.  Absoc.  yoI.  xxxiii.  1884,  pp.  415,  416. 
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have  only  simple  lamiiise,  whereas  Eozoon  has  oonneoted  or  retica- 
latory  lamineB. 

2.  Laminated  passage-rocks  have  no  stmcture  other  than  crystalline. 
Eozoon  has  beautiful  tubulation  in  its  calcareous  walls,  besides  large 
tubes  or  osoula. 

3.  Sometimes  (not  usually)  pyroxene  is  the  siliceous  part  of 
Eozoon ;  or,  as  we  hold,  the  mineralizing  agent.  More  usually  it  is 
serpentine,  sometimes  loganite,  or  dolomite,  or  mere  earthy  lim^ 
stone.  It  is  not  possible  that  all  these  minerals  should  assume  the 
same  forms. 

4.  Pyroxene  and  serpentine  both  occur  in  nodules  and  bands  in 
the  Laurentian  limestones,  and  in  most  cases  without  any  traces  of 
Eozoon,  while  Eozoon  occurs  in  the  limestone  remote  from  such 
nodules  and  bands,  where  no  passage  of  any  kind  can  occur,  and 
presents  distinct  forms. 

6.  There  are  only  two  localities  known  to  me,  one  in  a  quarry 
near  Cote  St.  Pierre,  and  one  at  Burgess,  where  a  bed  with  badly- 
preserved  Eozoon  occurs  in  a  manner  which  would  not  even  suggest 
an  idea.  Pyroxene  is  present  in  the  one  case,  and  loganite  in 
the  other. 

6.  I  have  often  thought  of  this  suggested  explanation,  and  have 
compared  Eozoon  with  all  sorts  of  banded  and  passage-rocks  taken 
from  the  Laurentian  and  other  formations,  but  have  seen  no  reason 
to  adopt  such  a  view  for  Eozoon.  I  may  add  that  in  the  Feter- 
Bedpath  Museum  at  Montreal  I  have  accumulated  a  very  large 
number  of  laminated  and  passage-rocks  and  concretions  for  purposes 
of  comparison. 

7.  How  on  such  an  hypothesis  can  we  explain  the  beds  of  lime- 
stone composed  of  or  filled  with  fragments  of  Eozoon  ? 

EXPLANATION  OF  PLATE  IV. 

Fio.  1.— Small  specimen  of  Eozoon^  separated  from  the  matrix,  and  showing  a 

turbinate  form.    Nat.  size.     Coll.  Dawson. 
Fig.  2. — Weathered  specimen  of  J5o«w»,  showing  a  section  through  the  middle^  with 

two  cylindrical,  osculiform,  vertical  tubes.    The  modification  of  the  lamins  at 

the  sides  of  the  tubes  is  similar  to  that  at  the  exterior.    Nat.  size.    Coll. 

Dawson. 


II. — Observations  on  the  Rounding  of  Pebbles  by  Alpine 
Rivers,  with  a  Note  on  their  Bearing  upon  the  Origin  of 
the  Buntsu  Conglomerate.^ 

By  Prop.  T.  G.  Bonnet,  D.Sc,  LL.D.,  F.R.S.,  F.G.S. 

WHEN  preparing  my  address  to  Section  C  in  1886, 1  bad  much 
need  of  information  as  to  the  amount  of  rounding  which  takes 
place  in  rock  fragments  when  transported  by  rapid  streams.  Useful 
information  and  references  are  given  in  Dr.  A.  Geikie's  Text  Book' 
and  in.  De  Lapparent's  "  Traite  de  Geologie," '  and  there  are  the  ex- 

1  A  Paper  read  at  the  Meeting  of  the  Brit.  Assoc.  (Section  C}  in  Manchester,  1887. 
^  Book  iii.  pt.  ii.  sec.  ii.  '  Book  ii.  sec.  i.  ch.  lii. 
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perimental  researches  of  Daubree  in  his  ''Geologie  Experitnentale*';^ 
but  from  neither  these  nor  other  sources  (so  far  as  known  to  me)  could 
I  obtain  what  I  wanted.  I  must,  however,  admit  that  I  am  less 
familiar  with  the  talus  heap  of  geological  literature  than  I  should 
be,  and  prefer  making  observations  in  the  open  air,  to  hunting  for 
records  of  them  in  a  library.  So,  as  I  had  some  opportunities  of 
doing  the  former  during  my  journey  last  summer,  I  record  the  results 
in  the  hope  that  they  may  be  useful  to  others;  first  heartily  thanking 
my  companion,  the  Hev.  E.  Hill,  for  constant  co-operation  and  as- 
sistance. 

These  observations  may  be  airanged  roughly  in  three  groups, 
which  correspond  with  the  three  stages  in  the  physical  history  of  an 
Alpine  river.  It  begins  as  a  series  of  torrents,  bom  for  the  most 
part  high  up  on  the  mountain  side  from  snow-bed  and  glacier.  Its 
next  stage  is  that  of  a  single  torrent  rushing  over  the  bed  of  an 
Alpine  valley,  still  bounded  on  either  hand  by  mountain  ranges ;  the 
third,  and  last  for  our  present  purpose,  begins  as  it  issues  from  the 
'gates  of  the  hills  '  and  commences  its  journey  through  the  lowland 
plains.  In  the  first  of  these  stages  its  fall  is  always  rapid,  as  it 
leaps  from  ledge  to  ledge,  or  even  from  crag  to  crag,  descending  not 
unfrequently  at  average  rates  of  250  feet  to  500  feet  in  a  mile,  or 
along  slopes  averaging  from  3  to  6  degrees.  Thus  it  is  a  rushing 
roaring  cataract,  able  always  to  sweep  along  boulders  full  a  couple 
of  feet  in  diameter,  and  often  much  larger  blocks.  In  the 
second  stage  the  fall  becomes  more  gentle,  though  occasionally,  es- 
pecially at  the  commencement,  there  may  be  a  partial  return  to  the 
former  conditions ;  tributary  streams  also  are  being  constantly  re- 
ceived, which  have  only  passed  through  that  stage ;  but  gradually 
as  the  valley  widens  the  torrential  character  is  lost,  and  the  river 
flows  as  a  strong  swirling  stream,  in  which  intervals  of  actually 
broken  water  are  rare.  Lastly,  after  emerging  from  the  mountains, 
and  thus  being  cut  off  from  all  further  contributions  from  torrents,  it 
sweeps  along  with  a  strong  steady  flow,  "  hasteless  but  restless," 
perhaps  one  of  the  grandest  representations  of  unobtrusive  power 
that  can  be  seen  in  Nature. 

Obviously  in  observations  of  the  present  kind,  little  more  than 
general  results  can  be  given.  A  river  is  constantly  receiving 
tributaries,  which  discharge  into  it  materials,  not  only  differing  in 
hardness  or  tenacity,  but  also  in  the  amount  of  detrition  which  they 
have  undergone.  The  strength  also  of  its  current  varies  from  time 
to  time.  In  some  districts,  or  at  certain  seasons,  what  in  the 
morning  was  a  dry  stream-bed,  in  the  afternoon  may  be  a  roaring 
torrent  Further  it  is  extremely  difficult  to  detei-mine  the  velocity 
with  which  a  mountain  torrent  flows.  In  the  case  of  some  of  the 
larger  and  less  rapid  rivers  we  made  rough  estimates  by  watching 
floating  bits  of  wood  and  the  like  ;  they  varied  from  about  2J  to  4^ 
miles  an  hour.  An  approximation  also  may  be  maile  from  observing 
the  size  of  the  pebbles  in  the  bed.     A  table  is  quoted  in  most  text 

^  Vol.  i.  sec.  ii.  ch.  i. 
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books  which  may  be  thus  extended  theoretically  for  pebbles  formed 
of  an  average  rock. 

1  inch 2  feet  per  second,  1*3638  miles  an  hour. 

2  inches     2  82  feet    „ 

3  tt  3*46  „  „ 

4  „  4-00  „  „  2-7276    „        „ 

5  i>  4-47  „  „ 

6  M  4-90  „  „ 

7  „  6-29  „  „ 

8  »»  6*66  „  „ 

9  M  600  „  „  4-0914    „        „ 

Hence  we  may  infer  that  a  deposit  in  which  fairly  well-roanded 
pebbles  of  about  4  inches  diameter  are  so  common  as  to  be 
characteristic,  is  the  result  of  a  stream  which  flowed  pretty  steadily 
at  a  rate  of  about  2|  miles  an  hour,  and  one  in  which  they  are  about 
8  inches  or  9  inches  diameter,  is  the  result  of  a  stream  flowing  about 
4  miles  an  hour.  It  must,  however,  be  remembered  that  this 
would  be  the  velocity  at  the  bottom  of  the  stream,  which  is  estimated 
at  about  half  that  of  the  surface  in  the  middle.  Great  variability  in 
the  size  of  the  pebbles,  and  especially  the  presence  of  freqaent 
boulders  or  subangular  blocks  much  exceeding  the  average  size, — las, 
for  example,  a  mixture  of  blocks  something  like  two  feet  in  diameter, 
with  pebbles  generally  not  more  than  one  foot  in  diameter,  and 
commonly  less, — is  indicative  of  torrential  discharge. 

For  brevity  I  use  the  term  *  Alpine  rock  '  to  mean  gneisses,  more 
or  less  granitoid,  and  mica-schists  of  various  kinds,  together  with 
hornblendic  or  chloritic  schists,  and  possibly  serpentines — that  is  to 
say  rocks,  which  are  in  all  cases  crystalline,  and  in  some  at  least  of 
igneous  origin. 

Group  I. 

Bed  of  Bomanche  above  Villard  d'ArSne  (Dauphine). — This  stony 
plain  lies  at  a  height  of  about  oOOO  feet  above  the  sea — at  the  foot 
of  a  steep  descent  of  1500  feet.  The  river  is  fed  by  streams  from 
snow-beds  and  glaciers,  and  its  sources  may  be  roughly  estimated 
as  from  7000  to  8000  feet  above  the  sea,  and  at  distances  of  three  to 
five  miles  ^  from  the  place  of  observation.  The  stones  are  chiefly 
granitoid  rocks,  but  some  are  Jurassic  mudstones  (these  are  from 
near  at  hand).  Leaving  the  latter  out  of  consideration,  the  stones, 
which  vary  from  boulders  downwards,  are  generally  subangular, 
even  the  smaller  pebbles  not  being  well  rounded. 

Bed  of  torrent  through  village  at  Windisch  Matrei  (Tyrol). — This 
comes  down  from  the  valley  running  up  to  the  Kaiser  Thorl,  and 
probably  has  descended  some  2000  feet.  The  *  torrential '  character 
is  indicated  not  only  by  the  variability  in  the  size  of  the  stones  and 
boulders,  but  also  by  the  high  walls  which  protect  the  village  from 
its  ravages.  Stones  from  3  ins.  to  Gins,  diameter  were  common ;  others 
up  to  about  a  foot  diameter  were  fairly  common,  and  larger  occurred. 

^  Distances  in  this  paper,  unless  otherwise  stated,  are  measured  on  a  map,  and  so 
are  obviously  less  than  the  actual  course  of  the  «tream. 
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Well-rounded  pebbles  rare,  and  never  large.  Alpine  rock,  including 
Bome  serpentine. 

Little  ptain  at  foot  of  Gross  Venediger. — ^Enclosed  by  craggy 
mountains ;  stones  brought  down  by  various  torrents,  chiefly  from 
iinow-beds  and  glaciers,  descending  precipitously  from  1000  to  2000 
feet.  Boulders  and  pebbles  of  Alpine  rock,  the  latter  not  much 
rounded,  having  generally  little  more  than  the  comers  worn  away  ; 
only  some  of  the  smaller  and  softer  are  moderately  rounded. 

Bed  of  Stillupthal  (Zillerthal). — Glaciers  and  snow-beds  surround 
the  head  of  the  valley,  the  floor  of  which  rises  rather  gradually. 
Deposits  torrential  in  character.  Alpine  rock.  Observation  at  3500 
feet,  where  tlie  stream  flowed  with  only  a  slightly  broken  surface. 
Stones  subangular  to  imperfectly  rounded,  mostly  3  ins.  to  4  ins.  in 
diameter,  a  few  nearly  a  foot.  A  couple  of  miles  or  so  lower  down,  at 
a  height  of  2950  feet,  the  flow  is  more  rapid  :  many  pebbles  3  ins. 
to  4  ins.  in  diameter,  varying  from  rounded  subangular  to  subangular 
rounded,  together  with  larger  boulders  of  all  sizes  up  to  at  least 
a  yard  diameter,  some  of  which  were  moderately  rounded ;  chiefly 
gneiss  and  granitoid  rock. 

Below  Ginzling,  Zillerthal — Place  of  observation  about  3230  feet : 
the  river  being  formed  by  confluence  of  a  torrent  from  the  Floiten- 
thal  (a  glen  about  nine  miles  long,  enclosed  by  steep  mountain  walls, 
Beamed  by  cascades  and  rising  at  the  upper  end  from  9000  feet  to 
11,000  feet,  and  terminated  by  a  rapid  descent  through  a  rocky 
gorge)  and  that  from  the  Zemmthal  (a  valley  perhaps  three  miles 
longer,  which  rises  on  the  whole  more  gradually,  and  is  enclosed 
by  mountains  somewhat  lower).  Materials,  various  Alpine  rocks. 
All  sizes  up  to  about  a  foot  in  diameter  common,  but  many  exceed  this  ; 
blocks  up  to  two  or  three  feet  diameter  not  being  rare :  much  variability 
in  the  amount  of  rounding,  many  being  quite  subangular,  but  some 
fairly  well  rounded,*  these  chiefly  a  rock  resembling  a  tonalite  not 
rich  in  quartz  and  a  felspar-actinolite  rock  (rather  rare).  The 
former  I  believe  occurs  in  situ  far  back  in  both  these  glens. 

Group  II. 

We  may  commence  by  following  the  course  of  the  river  last 
described.  At  Mairhoferi  (2096  feet)  by  the  Calvarienberg,  stones 
commonly  4  ins.  to  G  ins.  diam.,  but  both  smaller  and  larger,  are 
present ;  some  blocks  are  quite  a  yard  in  diameter.  Amount  of  wearing 
very  variable  ;  almost  the  only  well-rounded  pebbles  are  the  above- 
named  *  tonalite  * ;  next  to  that  is  a  porphyritic  gneissoid  rock, 
common  in  the  Stillupthal.  Alpine  rocks,  with  some  subcry stall  ino 
limestone. 

At  Zell  (four  miles  and  a  half  and  more  than  200  feet  lower  down). 
Stream  strong,  surface  rather  broken  in  the  swifter  parts.  Stories 
mostly  from  rounded  subangular  to  fairly  rounded,  commonly  from 
about  4  ins.  to  6  ins.  smaller  of  course  occur,  but  rarely  one  over 

*  It  must  be  remembered  that  when  a  torrent  descends  precipitously  over  a  bed  of 
rock,  not  a  few  stones  may  receive  an  exceptional  amount  of  rounding  by  being 
whirled  about  in  '  potholes.' 
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1  foot  diameter.     Mostly  granitoid  gneisses  of  a  somewhat  friable 
character. 

I  have  in  my  note  book  observations  of  the  Inn  at  Jenbach,  Inns- 
bruck, and  near  to  Landeck,  of  the  Isel  between  Windisch  Matrei 
and  Lienz,  of  the  Drave  at  the  latter  place,  of  the  Eisack  near 
Brunecken,  and  at  Bozen,  of  the  Romanche  at  Yizille,  and  the  Is^re 
at  Grenoble ;  but  it  is  perhaps  needless  to  quote  them  in  detail,  afl 
to  a  great  extent  they  would  be  repetitions  of  the  above  statementa 
Suffice  it  to  say  the  stones  commonly  range  from  about  8  ins.  to  6  ins., 
smaller  and  larger  occurring,  in  the  latter  case  not  seldom  up  to 
nearly  1  foot,  with  occasional  large  boulders;  that  the  amount  of  round* 
ing  is  variable,  but  the  majority  of  the  first  named  may  be  described 
as  from  subangular  to  moderately  rounded — well-rounded  pebbles 
being  generally  not  common.*  Materials,  Alpine  rocks  with  variable 
amounts  of  limestones  and  grits.  At  Bozen  also  the  igneous  rocks 
of  the  district  were  well  represented. 

Geoup  III. 

The  first  case  examined  was  the  Po  at  Turin.  The  river  and  its 
tributaries  have  now  flowed  over  about  35  to  full  50  miles  of  plain. 
The  principal  streams  which  feed  it  descend  valleys  from  about  15 
to  over  30  miles  long,  and  may  be  reckoned  as  having  their  sources 
at  from  5000  to  6000  feet  above  the  sea.' 

The  stones  exposed  near  the  banks  consist  chiefly  of  Alpine  rocks, 
are  commonly  3  ins.  to  4  ins.  diameter,  occasionally  running  up  to 
about  8  ins.  together  of  course  with  smaller.  As  a  rule  they  are  not 
well  rounded,  retaining  more  or  less  a  subangular  outline,  though 
the  comers  and  edges  are  worn  o£f. 

In  travelling  from  Turin  to  Milan,  and  thence  to  the  Lago  di 
Garda,  several  rivers  are  crossed,  and  sections  obtained  of  the  sub- 
stratum of  the  great  alluvial  plain  of  Piedmont  and  Lombardy.  The 
results  in  regard  to  the  former  may  be  summarized  in  a  tabular  form. 


Approximate  length  of  river. 

Diameter  of  Pebbles. 

Name. 

Among  the  Mtn. 

Over  the  plain. 

Average. 

Maximum. 

Condition. 

Stura   ... 

Oreo 

Sesia    ... 
Ticino  ... 
Adda    ... 

18  miles. 

22    „ 
25    „ 

•  •  • 

•  •   • 

20  miles. 

18     „ 
3d     „ 
20      „ 
20      „ 

3"  to  4" 

abt.  4" 

abt.  2" 

3"  to  4" 

3"  to  4" 

P6"{ 

6" 
rarely  >  4" 
P 
P6" 

0  ften  fairly  rounded,  but 
many  still  subaneular. 
Fairly  well  rounc^ 
Moderately       „ 

>»                »» 
Fairly  well        „ 

llie  main  streams  of  the  Ticino  and  Adda  have  most  of  their 
Alpine  pebbles  stopped  by  the  Lakes  of  Maggiore  and  Como,  but 

^  Our  estimates  of  tbe  rates  of  flow  varied  from  about  tbree  to  four  and  three- 
quarter  miles  an  hour.  I  expect  these  grt>at  mountain  rivers  run  at  an  average  pace 
of  nearly  four  miles  an  hour,  and  at  certain  seasons  considerably  exceed  this. 

*  1  mean  as  fairly  strong  streams ;  in  some  cases  brooklets  would  be  higher,  and 
of  course  the  snow-beds  about  the  sources  of  the  Po  rise  up  in  places  to  quite 
900U  feet. 
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they  receive  some  sub-Alpine  tributaries.  Consequently^  limestone 
pebbles  characterize  their  gravels. 

Besides  these  observations  we  repeatedly  had  indications  of  the 
gravel  of  the  great  plain,  either  from  the  stones  scattered  over  the 
fields,  from  ballast  pits,  or  from  railway  cuttings.  Here  also 
pebbles  often  about  3  ins.  or  4  ins.  are  common,  with  occasional  larger 
ones.  In  fact,  they  frequently  are  very  similar  in  size  to  those  of  the 
Banter  Conglomerate  in  Staffordshire,  but  generally  not  quite  so 
well  rounded.  Limestone  becomes  more  common,  as  might  be 
expected,  as  we  proceed  eastwards.  This  remark  holds,  I  believe, 
of  the  great  plain  of  Lombardy  as  far  as  the  south  end  of  the  Lake 
of  Garda. 

Old  drifts,  repeatedly  seen  between  Lyons  and  Grenoble,  in  size, 
amount  of  rolling  and  arrangement,  bore  a  remarkable  resemblance 
to  the  Bunter  pebble-beds  of  Staffordshire  (except  that  the  materials 
were  mainly  limestone).  Tliis  was  particularly  the  case  near  Yirencal, 
where  the  section  was  some  50  feet  high,  and  the  pebbles  were  parted 
by  streaks  or  bands  of  sand.  The  old  drifts  of  the  Hhine  at  Stein 
and  near  Bale  are  very  similar. 

In  regard  to  the  Lake  of  Garda,  I  endeavoured  to  ascertain  the 
action  of  its  waves  on  the  beach  pebbles.  These  are  abundant  to 
the  east  of  Desenzano,  and  they  have  evidently  been  derived  from 
the  north.  They  are  fairly  well  rounded,  but  seeing  that  similar 
pebbles,  about  as  well  rounded,  occur  in  the  drifts  of  which  its  banks 
consist,  no  inference  can  be  drawn  from  them.  But  I  observed  that 
well-rounded  pebbles  had  been  formed  on  the  shore  from  fragments 
of  a  soft  red  brick ;  also  that  shards  of  ordinary  red  earthenware 
had  been  sometimes  fairly  well  rounded.  It  must  be  remembered 
that  the  Lago  di  Garda  is  noted  of  old  for  its  waves,  "  flue ti bus  et 
fremitu  assurgens,  Benace,  marine ;  *'  but,  as  a  rule,  the  great  sub- 
Alpine  lakes  have  not,  so  far  as  I  have  noticed,  much  effect  on  rock 
fragments. 

It  is  difficult  to  give  precise  statements  of  the  amount  of  fall  in 
the  Alpine  rivers ;  but  the  following  are  rough  approximations, 
calculated  from  the  heights  quoted  in  guide-books,  which  of  course 
do  not  give  the  exact  level  of  the  river  at  the  place,  and  from  the 
distances  by  road,  which,  at  any  rate  when  the  valley  is  tolerably 
level,  are  generally  rather  sometimes  considerably  shorter  than  the 
river  course. 

The  Inn,  from  St.  Moritz  to  Samaden  (three  miles)  falls  about 
65-3  feet  per  mile;  from  Samaden  to  Landeck  (79^  miles)  about 
37*3  feet  per  mile ;  from  Landeck  to  Innsbruck  (52|  miles)  about 
13-8  feet  per  mile ;  from  Innsbruck  to  Jenbach  (23  miles)  3*8  feet 
per  mile  (I  believe  rather  more,  for  I  think  the  height  given  for 
Jenbach  is  above  the  Inn — possibly  80  or  100  feet  too  great). 

The  Ziller  from  Ginzling  to  Mairhofen  (about  7i  miles)  falls 
155*5  feet  per  mile;  from  Mairhofen  to  Zell  (4J  miles)  17-8  feet  per 
mile;  from  Zell  to  Jenbach  about  4*6  feet  or  a  little  more  (this,  for  the 
above  reason,  and  as  the  embouchure  of  the  Ziller  is  not  at  Jenbach 
itself,  is  a  very  rough  estimate). 
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The  Isel  (including  a  tributary)  :  Tauem  Haus  to  WindiBcli 
Matrei  (about  10^  miles)  about  164  feet  per  mile ;  Windiaoh  Matrei 
to  Lienz  (18  miles)  58  feet  per  mile. 

It  is  very  difficult  to  estimate  the  fall  in  the  Po  and  its  tributaries. 
Turin  is  602  feet  above  the  sea,  probably  the  edge  of  the  plain  is  about 
800  feet.  That  would  give  a  fall  of  about  4  feet  per  mile.  In  the 
tributary  valleys  I  should  think  that  the  fall  would  be  not  less  than 
100  feet  per  mile.  As  an  example  of  a  true  torrent,  the  Beuss  between 
Andermatt  and  Amsteg  falls  about  212  feet  per  mile ;  from  the  latter 
place  to  the  Lake  of  Lucerne  only  26*3  feet  per  mile. 

The  facts  thus  collected  appear  to  me  to  warrant  the  following 
conclusions : — 

1.  The  rapidity  with  which  a  pebble  is  formed  depends  eaUrit 
paiibna  on  the  nature  of  the  rock. 

2.  Pebbles  are  rounded  with  comparative  rapidity  when  the 
descent  is  rapid  ;  that  is,  when  they  are  dashed  down  rock  slopes  by 
a  roaring  torrent,  capable  of  sweeping  along  blocks  of  far  greater  size. 

3.  Pebbles  are  rounded  with  comparative  slowness  when  the 
descent  is  gentle,  and  the  average  pace  of  the  river  is  just  about 
able  to  push  them  along  its  bed. 

4.  As  indicated  by  Daubree's  interesting  experiments,  the  process 
of  rounding  cateris  paribtia  always  goes  on  more  rapidly  at  first 

In  the  above  observations  the  rocks  (with  the  exception  of  some 
vein-quartz  which  generally  proved  a  rather  intractable  material) 
may  be  taken  as  ranging  in  hardness  from  rather  above  3  to  about  6. 
The  limestone  pebbles  would  probably  range  from  3  to  4,  and  there 
would  be  chemical  action  in  addition.  The  Alpine  rocks,  as  a  rule^ 
would  probably  range  from  5  to  6,  for  though  quartz  is  present,  there 
is  always  a  good  amount  of  felspar  or  mica.  The  easy  rounding 
of  the  more  micaceous  schists,  due  to  their  softness,  is  to  some  extent 
counteracted  by  their  fissility. 

If,  then,  we  find  in  any  conglomerate,  a  large  number  of  well- 
rounded  pebbles  of  a  rock  not  less  hard  than  felspar,  we  are  justified 
in  concluding  that  they  are  the  deposit  of  a  river  which,  in  any  case, 
has  had  a  course  of  several  miles,  and  has  either  descended  as  a  very 
rapid  stream  from  snow-capped  mountains  of  considerable  elevation, 
the  detritus,  in  short,  of  a  strong,  full,  torrent  in  a  valley  running  down 
from  a  great  mountain-chain,  or  of  a  river  which,  rising  at  a  more 
moderate  elevation  and  swollen  by  many  tributaries,  has  flowed  for 
a  very  much  longer  distance.  Perhaps  we  might  venture  to  say,  as 
a  rough  standard  of  comparison,  that  the  effect  of  a  thousand  feet  of 
rapid  descent  is  equivalent  to  that  of  the  more  leisurely  traverse  of 
at  least  twenty  miles,  so  that  fairly  well  rounded  pebbles  of  a  rock 
with  hardness  not  exceeding  6  signify  at  least  either  a  rapid  descent 
of  three  thousand  feet  or  a  journey  at  a  less  speed  of  sixty  miles.* 

*  Prof.  Daubr6e  (G6ol.  Experim.  toI.  i.  sec.  ii.  ch.  v.)  obtained  experimentally  a 
distance  of  a  little  less  than  16  miles  for  the  manufacture  of  a  rounded  pebble  of 
granite,  but  this  must  be  regarded  as  the  least  possible  distance,  for  in  his  experiments 
the  fragments  would  be  knocked  one  against  another  much  more  than  in  transport  hj 
a  stream,  except  perhaps  in  a  **  pothole.'' 
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If  then  we  consider  the  question  of  the  origin  of  the  Banter 
pebbles  in  the  light  of  these  faots,  two  suggestions  as  to  their  origin 
are  at  once  shown  to  be  impossible.  The  majority  of  the  pebbles 
are  a  very  bard  quartzite,  are  from  2  ins.  to  4  ins.  diameter,  and  are 
well  rounded.  Hence  they  must  have  had  a  much  longer  descent 
or  a  much  longer  journey  than  that  above  named. 

By  one  author  they  have  been  referred  to  a  concealed  ridge  of 
FalsBOZoic  rock  in  Eastern  England,^  by  another  to  a  similar  ridge  in 
Central  England,  of  which  the  Malvern  and  Lickey  Hills,  etc.,  are 
the  monumental  outcrops.'  I  have  already  pointed  out  the  difficulties 
attending  both  these  views,  so  far  as  regards  the  nature  of  the 
materials,  their  enormous  volume  and  their  disposition.  I  have 
commented  on  the  confused  views  of  the  latter  author,  both  as  to 
lithology  and  physical  geology ;  but  the  observations  above  made 
effectually  dispose  of  one  of  his  criticisms,  that  pebbles  coming  from 
Scotland  would  have  been  ''reduced  to  sand"  before  reaching 
Staffordshire, — a  criticism  indeed  which  even  the  knowledge  in  our 
possession  at  that  time  did  not  justify.  They  also  indicate  that 
unless  we  maintain  the  Bunter  Beds  to  be  a  marine  deposit  (which 
I  do  not  suppose  will  find  any  support  with  modeiii  geologists),  its 
pebbles  can  only  have  been  formed  by  strong  and  full  rivers.  These, 
if  from  insular  lands,  must  have  issued  from  lofty  mountains ;  if  from 
continental,  must  have  flowed  with  strong  stream  for  long  distances. 
Considering  the  hardness  of  the  materials,  we  may  demand  insular 
mountains  even  higher  than  the  Alps,  or  rivers  with  courses  exceeding 
a  couple  of  hundred  miles  in  length,  of  fuller  volume  and  stronger 
stream  than  now  exist  in  Britain.  The  sources  for  the  Bunter 
pebbles  then,  proposed  by  either  of  these  authors,  Utopian  at  best, 
cannot  be  made  to  accord  with  the  facts  which  I  have  recounted, 
while  the  general  resemblance  of  the  Bunter  Beds  to  the  conglomerate 
of  the  Nagelflue,  and  to  the  gravel  of  the  plains  which  stretch  away 
from  the  feet  of  the  Alps,  renders  the  northern  origin  of  these 
pebbles, — where  continental  conditions  did  prevail  and  identical 
pebbles  still  exist  in  older  conglomerates — a  far  more  probable  theory. 


IIL — The  Gneissosk  Granite  of  the  Himalayas. 

By  Colonel  C.  A.  McMahon,  F.G.S. 

I  HAVE  read  with  great  pleasure  Mr.  R.  D.  Oldham's  interesting 
article  in  this  Magazine,  for  October,  1887,  on  the  gneissose 
rocks  of  the  Himalayas.  Mr.  Oldham  concurs  with  me  in  assigning 
an  eruptive  origin  for  the  more  or  less  gneissose  rocks  at  Dalhousie, 
the  Chor,  and  for  almost  all  those  in  the  Satlej  Valley  ;  and  as  I 
have  in  my  published  papers  expressly  intimated  "  my  belief  that 
some  of  the  crystalline  rocks  of  the  north-western  Himalayas  are 
metamorphic  gneisses  **  (Records  Geol.  Surv.  India,  vol.  xviii.  p.  110), 
I  see  no  grounds  for  dissenting  from  his  observations  regarding  the 
latter  class  of  rocks. 

»  Geol.  Mao.  Dec.  II.  Vol.  X.  p.  285. 

'  Proc.  Phil.  Soc.  Birmingham,  vol.  iii.  p.  157  ;   Geol.  Mag.  Dec.  II.  Vol.  X. 
p.  199.     This  locality  is  practically  included  in  the  other. 


62  CoL  McMahon — Oranite  of  the  Himalaya. 

One  remark,  however,  in  Mr.  Oldham's  article,  tempts  me  to  offer 
a  few  words  of  explanation  in  continuation  of  my  last  paper  in  the 
Oeolooical  Maoazink.  Speaking  of  the  gneissose-granite,  Mr. 
Oldham  expresses  his  helief  "  that  the  very  slight  foliation  of  the 
larger  masses  is  principally  a  fluxion  structure,  while  the  more 
developed  structure  of  the  thinner  bands,  and  near  the  margins  of 
the  larger  masses,  was  produced  in  the  solid  but  stiU  heated  gramie 
[the  italics  are  mine]  by  the  same  causes — whatever  they  be — that 
led  to  the  foliation  of  the  adjacent  sedimentary  beds ; "  and  in  a 
footnote  he  remarks ;  ''  In  1884  Colonel  McMahon  seems  to  have 
held  an  opinion' somewhat  similar  to  this  (see  Records  Geol.  Surv. 
India,  vol.  xvii.  p.  72),  but  so  far  as  I  can  understand  his  paper  in 
the  May  Number  of  this  Maqazine,  he  has  now  abandoned  it." 

I  hoped  that  I  had  made  my  meaning  sufficiently  dear ;  but  as  this 
does  not  appear  to  have  been  the  case,  a  few  explanatory  remarks  may 
not  be  out  of  place.  The  passage  in  my  paper  published  ill  the  Records 
Oeol.  Surv.  India  referred  to  runs  as  follows  : — **  The  conclusion  at 
which  I  have  arrived,  on  a  consideration  of  all  the  facts  of  the  case, 
is  that  the  invasion  of  previously  metamorphosed  strata  by  gneissose 
granite,  combined  with  the  pseudo-foliation  of  the  latter  due  to  the 
pressure  of  hard  strata  on  a  partially  cooled  and  imperfectly  viscid 
rock,  has  imparted  to  the  intruded  rock  the  superficial  appearance  of 
being  a  member  of  the  same  metamorphic  series  as  the  schists  and 
slates  into  which  it  has  intruded.  There  is  no  inconsistency,  I  would 
point  out  in  conclusion,  in  supposing  that  the  rock  which  gives 
evidence  of  having  passed  through  a  stage  of  aqueo-igneous  fusion 
was  partially  cooled  and  semi-viscid  when  ^  actually  intruded  into 
the  schists.  Observation  in  our  own  time  shows  that  there  are 
pauses  and  long  intervals  in  volcanic  action ;  and  doubtless  similar 
pauses  took  place  in  plutonic  action  during  which  the  cooling  and 
partial  consolidation  of  igneous  masses  went  on  and  the  larger  per- 
phyritic  crystals  found  in  many  of  them  were  formed.  The  subse- 
quent motion  of  a  partially  consolidated  viscid  rock  and  its  intrusion 
as  a  sheet  between  hard  strata,  or  between  the  walls  of  a  fault, 
would,  it  seems  to  me,  naturally  produce  parallelism  of  structure,  or 
pseudo-foliation,  as  long  ago  pointed  out  by  Scrope  and  Naumann." 

I  have  not  gone  back  one  iota  from  the  view  expressed  in  the 
above  extract,  and  I  am  at  a  loss  to  understand  why  1  should  have 
been  supposed  to  have  done  so.  The  observations  given  at  pp.  219, 
220,  of  the  1887  volume  of  this  Magazine,  seem  to  me  to  be 
merely  a  detailed  explanation  of  the  view  more  briefly  expressed  in 
the  above  extract.  In  the  latter  three  conditions  are  noted ;  the 
partial  consolidation  of  the  granite  before  it  was  moved  into  place, 
traction  action  on  the  granite  when  it  was  squeezed  into  position ; 
and  the  '* pressure  of  hard  strata"  upon  the  intruded  mass. 

That  partial  consolidation  had  set  in  before  the  granite  was 
moved  into  its  present  position  seems  implied  by  the  pronoimoed 
porphyritic  character  of  the  rock.     "  All  the  facts  connected  with 

^  In  the  Records  the  word  is  where — a  seneeleas  alteration  of  the  text  due  to  the 
Indian  printer's  denL 
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these  porpbyritio  lavas/'  writes  Professor  Jadd  with  reference  to 
a  somewhat  di£fereiit  class  of  rock  in  his  well-known  work  on 
Yolcanoes,  p.  256,  **  points  to  the  conclusion  that  while  the  crystals 
in  their  ground- mass  have  separated  from  the  liquefied  materials 
near  the  surface,  the  large  embedded  crystals  have  floated  up  from 
great  depths  within  the  earth's  crust,  where  they  had  originally 
formed."  I  do  not  mean  to  afSrm  that  a  similar  inference  would  be 
safe  in  respect  of  all  porphyritic  rocks,  plutonic  as  well  as  volcanic ; 
but  I  think  we  may  safely  draw  that  inference  with  regard  to  the 
porphyritic  crystals  in  the  Dalhousie  rock,  for  in  some  places  tongues, 
and  veins,  intruded  into  the  adjacent  schists  are  as  distinctly  por- 
phyritic as  the  main  mass  of  the  granite  (Hecords  Geol.  Surv.  India, 
vol.  XV.  p.  45),  and  I  do  not  think  any  one  would  allege  that  the 
large  porphyritic  crystals  in  the  small  veins  were  formed  in  sittu 
The  same  conclusion  must,!  think,  be  arrived  at  when  large  porphyritic 
crystals  are  found  (Records  Geol.  Surv.  India,  vol.  xvi.  p.  129)  in 
a  matrix  so  fine  grained  that  the  Dalhousie  rock  occasionally  assumes 
the  superficial  appearance  of  a  felspar  porphyry. 

That  the  granite  was,  at  the  time  of  intrusion,  partially  cooled 
and  imperfectly  viscid,  is  almost  conclusively  proved  by  the  con- 
dition of  the  foreign  fragments  included  in  it.  At  page  175 
of  the  volume  to  which  Mr.  Oldham  has  referred  (vol.  xvii.  of 
1884)  I  wrote  as  follows: — "In  the  case  of  the  long  splinter  of 
schist,  a  fragment  of  which  is  depicted  in  the  plate  attached  to  this 
paper,  it  is  clear  that  it  must  have  been  included  in  the  granite 
when  the  latter  was  already  partially  consolidated,  and  bad  lost 
a  considerable  part  of  its  heat.  I  have  found  on  other  grounds,  in 
my  previous  papers,  that  the  gneissose-granite  had  partially  con- 
solidated before  it  was  intruded  into  the  stratified  rocks ;  and  the 
evidence  afforded  by  tbe  fragment  of  schist  under  consideration  con- 
firms this  conclusion.  The  schist  would  not  have  retained  its  fine 
foliation  had  the  granite  been  in  a  fluid  state,  and  at  the  high  heat 
indicated  by  that  condition."  The  reasons  for  coming  to  this  con- 
clusion are  given  in  detail  in  my  paper. 

I  may  note  in  passing  that  the  texture  of  the  porphyritic  granite 
immediately  round  the  fragment  of  schist  referred  to  is  fairly  granitic, 
and  this  fragment  proves  that  the  rock  from  which  it  was  torn  was 
in  a  foliated  condition  before  the  intrusion  of  the  granite  took  place. 
The  granitic  structure  of  the  granite  compared  with  thefine  foliation 
of  the  schist,  a  point  that  is  well  brought  out  by  tbe  heliogravure 
reproduction  of  a  photograph  given  at  p.  175,  vol.  xvii.  Records 
Geol.  Surv.  India,  appears  to  negative  the  assumption  that  the  folia- 
tion of  the  Dalhousie  granite  and  the  foliation  of  the  schists  into, 
and  through  which,  it  was  intruded,  are  both  alike  due  to  pressure- 
metamorpbism  operating  after  the  intrusion  of  the  granite. 

From  the  use  of  the  words  **  still  heated  granite,"  and  from  the 
context,  I  am  under  the  impression  that  Mr.  Oldham  is  of  opinion 
that  the  structural  changes  in  tbe  granite  which  resulted  in  folia- 
tion were  produced  before  it  bad  perfectly  cooled  down  after  its 
injection;    if  so,  our  views   seem    to   be   substantially   identical. 
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Whether  he  holds  that  the  granite  was  injected  in  a  fluid,  or  in  a 
partially  consolidated  condition,  is  not  so  clear  to  rae.  Possibly  if 
there  is  any  apparent  divergence  in  our  views,  it  may  be  owing  to 
my  not  having  expressed  mine  in  sufficient  detail. 

Mr.  Oldham,  in  the  extract  I  have  quoted,  speaks  of  the  condition 
of  the  granite  when  foliation  was  produced  as  *'  solid  but  still  heated." 
(The  italics  are  mine.)  In  my  papers  I  have  avoided  the  use  of  the 
word  solid,  and  preferred  to  speak  of  the  granite  as  being  in  ''a 
partially  cooled  and  imperfectly  viscid  "  condition,  or  as  an  '*  im- 
perfectly consolidated  "  mass  ,*  but  by  the  use  of  these  expressions 
I  contemplated  a  considerable  advance  towards  solidity.  In  my 
article  in  the  May,  1887,  number  of  this  Magazine,  I  stated  that 
the  '*  semi-plastic  mass  was  subjected  to  enormous  pressure ;  the 
mica  was  crumpled,  and  the  crystals  of  felspar  were  cracked  and 
ruptured."  These  results,  I  need  hardly  say,  could  not  have  beea 
produced  unless  the  solidification  of  those  portions  of  the  rock  in 
which  they  are  to  be  observed  was  in  a  somewhat  advanced  stage. 
But,  on  the  other  hand,  I  du  not  think  it  necessary  to  hold  that  ^e 
granite  at  the  moment  of  intrusion  was  everywhere  in  a  state 
of  maximum  viscidity.  Its  condition,  I  apprehend,  varied  from 
point  to  point ;  being  in  some  places  in  the  normal  condition  of  a 
liquefied  granite,  whilst  at  others  it  was  almost  completely  made  up 
of  minerals  that  had  already  crystallized  out  of  the  magma.  There 
were  also,  we  may  suppose,  numerous  gi-adations  between  these  two 
conditions.  That  this  was  actually  the  state  of  the  granite  I  infer 
from  the  examination  of  thin  slices  under  the  microscope,  and  from 
the  appearance  of  the  rock  in  the  field.  In  some  places  it  is  a 
perfect  granite — in  others  it  is  a  perfect  schist.  In  specimens  from 
some  spots  the  microscope  reveals  the  marks  of  crushing ;  in  those 
from  other  localities  these  marks  are  absent. 

At  pages  76-77  of  the  February,  1887,  number  of  this  Magazink, 
I  have  suggested  a  few  reasons  to  account  for  a  similar  state  of 
things  in  the  Lizard  gabbro.  The  rapid,  and  often  apparently 
capricious,  passage  of  rocks  of  this  class  from  a  granitic  to  a  foliated 
condition,  suggests  very  complex  questions  which  cannot  be  dis- 
cussed in  detail  on  the  present  occasion;  but  though  I  shall  not 
now  attempt  to  explain  at  length  why  traction,  shear,  and  pressure, 
operating  on  an  imperfectly  consolidated  eruptive  rock,  fail  to 
produce  ])erfectly  uniform  results  in  every  portion  of  the  erupted 
mass,  still,  it  may  be  as  well  to  briefly  allude  to  some  of  the  causes 
which,  in  my  opinion,  may  have  produced  these  results  in  the 
Dalhousie  granite.  One  reason  has  already  been  alluded  to,  namely, 
the  want  of  uniformity  in  the  consistency  of  all  portions  of  the 
erupted  mass  at  the  moment  of  eruption.  Micro-petrologists  are 
already  familiar  with  the  idea  that  a  more  or  less  complete  lique- 
faction of  deep-seated  igneous  rocks  takes  place  when  the  pressure 
under  which  they  have  been  held  is  relaxed  by  portions  of  these 
rocks  finding  a  vent  at  the  surface; — instance  the  partial  refusion  of 
the  porphyritic  quartz  crystals  in  quartz  porphyries.  The  order  in 
which  minerals  fuse,  or  crystallize,  depends,  to  mention  one  factor 
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only,  on  pressare:  and,  in  the  case  of  the  Himalayan  gneissose- 
granite,  preasure  mnst  have  varied  considerably  from  point  to  point 
within  the  area  of  eruption. 

The  high  probability  that  the  rising  granite  varied  in  its  con- 
sistency in  di£ferent  portions  of  its  mass  at  the  time  of  intrusion  must 
not  be  lost  sight  of  in  dealing  with  a  rock  that  occurs  within  an  area 
that  extends  not  for  hundreds  of  feet,  or  hundreds  of  yards  even,  but 
for  hundreds  of  miles. 

If  other  causes  besides  the  absence  of  perfect  homogeneity  at  the 
time  of  intrusion  are  wanted  to  account  for  the  variation  of  structure 
to  be  observed  in  the  rock,  the  following  may  be  mentioned : — At  the 
points  where  shearing  was  most  severe,  secondary  heat  was  probably 
developed,  and  the  resulting  chemical  and  mineralogical  action  may 
have  been  considemble.  Then,  again,  we  cannot  suppose  that  the 
earth-movements  that  produced  the  contortion,  overfolding,  and 
faulting  of  the  strata  were  sudden  and  explosive  in  their  character ; 
doubtless  they  were  due  to  long-sustained  compression,  and  the 
movements  that  resulted  from  this  compression  were  repeated — 
possibly  with  considerable  rests,  or  intervals  between — during  long 
periods  of  time.  Each  of  these  movements  probably  left  its  mark 
upon  the  rocks,  and  who  is  now  to  discriminate  between  the  effects 
of  the  shear,  traction,  and  pressure  that  accompanied*  the  actual  act 
of  intrusion,  and  the  shear  and  pressure  caused  by  the  earth-move- 
ments that  must,  in  many  cases,  have  followed  the  act  of  injection 
and  have  sheared  and  nipped  the  gradually  cooling  granite  with 
a  pressure  that  not  only  varied  locally  from  place  to  place,  but  was 
applied  again  and  again  during  successive  stages  of  consolidation  f 

When  I  penned  the  article  which  appeared  in  your  May,  1887, 
Number,  the  object  I  had  chiefly  in  view  was  to  show  that  the  foliation 
of  the  granite  of  the  N.W.  Himalayas  was  due  to  pressure  acting  on 
an  imperfectly  consolidated  intrusive  rock  prior  to  its  complete  con- 
solidation, and  that  it  was  not  due  to  pressure- metamorphism  exerted 
on  a  solid  and  cooled  rock  after  it  had  attained  a  consolidated  and 
crystalline  condition.  In  short,  that  it  was  an  incident  in  the 
history  of  the  eruption,  and  was  not,  like  cleavage,  due  to  pressure 
exerted  on  a  solid  rock.  The  theory  of  pressure-metamorphism 
differs  materially  from  the  explanation  I  have  advocated  to  account 
for  the  foliation  of  the  granite  of  the  N.W.  Himalayas.  The 
former  is  not  concerned  with  a  phase  of  the  consolidation  of  an 
eruptive  rock.  Pressure-metamorphism  may  come  into  action 
whole  geological  ages  after  the  last  stage  of  the  intrusion  of  an 
igneous  rock  has  come  to  an  end ;  and  may  operate  on  rocks  of 
purely  sedimentary  origin.  Whether  or  not  pressure-metamorphism 
applied  to  solid  rocks  is  capable  of  producing  all  the  results  alleged 
by  the  extreme  advocates  of  the  theory,  is  a  question  foreign  to  the 
present  inquiry.  All  that  I  have  contended  for  is,  that,  in  the 
regions  embraced  by  my  papers,  pressure  applied  to  the  granite 
ofier  its  complete  consolidation  was  not  the  cause  of  its  foliation, 
but  rather  pressure  applied  whilst  it  was  yet  in  a  more  or  less 
plastic  condition. 
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IV. — On  the  Minebalooioal  Constitution  of  Caloabkous 

Organisms.^ 

By  Yaughan  Cornibu  and  Psacr  F.  Ebndall, 
Berkeley  Fellow  of  the  Owens  College. 

Introduction, 

JN  Mr.  Sorby's  presidential  address  at  the  anniversary  meeting  of 
the  Geological  Society  in  1879,  attention  was  drawn  to  the  fact 
that  the  carbonate  of  lime  in  calcareous  organisms  is  in  certain  oases 
in  the  form  of  calcite,  in  others  of  aragouite,  and  yarious  genera  of 
such  organisms  were  classed  according  to  their  mineralogical  con- 
stitution. It  was  also  shown  that  aragonite  fossils  are  of  greatly 
inferior  stability  to  those  formed  of  calcite,  in  many  deposits  casts 
only  of  aragonite  fossils  being  preserved,  whilst  those  of  calcite 
remain  unaltered.  In  the  same  address  Mr.  Sorby  insisted  on  the 
importance  of  this  difference  of  stability  as  a£fecting  the  trustworthi- 
ness of  the  geological  record. 

The  idea  that  the  disappearance  of  aragonite  fossils  is  due  to  the 
action  of  carbonated  water  naturally  suggests  itself;  at  the  same  time 
no  experimental  data  appeared  to  exist  which  would  lead  one  to 
suppose  that  calcite  would  be  acted  upon  less  readily  than  aragonite 
by  a  solution  of  carbonic  acid. 

Part  L  of  the  present  paper  contains  an  account  of  the  experimental 

evidence  obtained  as  to  the  cause  of  the  inferior  stability  of  aragonite 

fossils  as  compared  with  those  formed  of  calcite^  with  observations  on 

the  geological  conditions  favourable  to  the  removal  of  aragonite  fossils. 

It  was  pointed  out  by  one  of  us  in  a  paper  in  the  Gbological 
Maqazine,  Nov.  1883,  that  those  shells  classed  by  Mr,  Sorby  as  ea/- 
cite  are  characterized  in  the  fossil  state  by  a  compact  texture  and  by 
translucency^  whilst  the  aragonite  shells  are  opaque  and  of  a  chalhi 
appearance,  and  the  opinion  was  there  stated  that  these  characters 
would  be  found  sufficiently  constant  to  be  of  use  in  determining  the 
zoological  position  of  obscure  forms. 

Part  II.  of  the  present  paper  contains  an  account  of  the  work  done 
in  following  out  the  above  observntiony  and  in  the  examination  of 
certain  organisms  belonging  to  groups  not  yet  classified  according  to 
their  mineralogical  constitution. 

Part  T. 

Two  fossil  shells,  Pecten  opercular  is  (calcite)  and  Peetuneulw 
glycimeris  (aragonite)  were  selected,  not  differing  greatly  in  weight, 
and  presenting  nearly  the  same  extent  of  surface.  The  aragonite 
shell  was  a  specimen  entirely  unacted  on,  with  a  hard  compact 
surface.  These  shells  were  suspended  in  a  solution  of  carbonic 
acid,  removed  from  time  to  time,  weighed,  and  then  placed  in  a 
fresh  solution  of  carbonic  acid.  The  experiment  was  only  dis- 
continued when  the  aragonite  shell  fell  into  fragments. 

1  An  Abstract  of  this  paper  was  read  before  Section  C.  of  the  British  Afliociatioa 
at  Manchester,  September,  1887. 
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Three  circnmstanoes  were  noted,  viz. : 

1.  That  the  oalcite  shell  lost  in  weight  through  solntion  of  its 
suhstanoe,  but  retained  its  compaot  texture  and  transluoency,  so  that 
no  alteration  in  appearance  could  be  observed  till  it  had  lost  a  large 
percentage  of  its  substance. 

2.  That  the  aragonite  shell  lost  by  solution  between  two  and 
three  times  as  great  a  percentage  of  its  weight  as  was  lost  by  the 
oalcite  shell. 

3.  Tliat  the  hard  compact  surface  of  the  aragonite  shell  speedily 
disappeared,  the  shell  assuming  a  consistency  similar  to  that  of 
kaolin,  and  falling  into  fragments  after  losing  60  per  cent,  of  its 
weight  by  solution. 

Experiments  with  other  aragonite  shells  showed  that  after  a  short 
period  of  subjection  to  carbonic  acid  solution  they  are  reduced  to  a 
consistency  such  that  the  substance  of  the  shell  comes  away  with  a 
touch,  and  such  that  a  gentle  stream  of  water  is  sufScient  entirely 
to  disintegrate  the  shell.  Calcite  shells,  on  the  other  hand,  after 
being  acted  upon  lose  only  a  small  quantity  of  substance  by  washing. 
In  the  Coralline  Crag  we  have  observed  them  in  a  pulverulent 
state  only  in  those  portions  from  which  the  aragonite  shells  have 
been  entirely  removed. 

From  observations  2  and  3  it  follows  that  carbonated  water  acts 
so  as  to  decompose  aragonite  fossils  more  readily  than  those  formed 
of  calcite,  and  from  3  it  further  follows  that  where  water  is  free  to 
circulate,  the  aragonite  fossils  already  acted  upon  lose  their  coherence 
and  are  reduced  to  the  condition  of  a  powder. 

In  addition  we  see  from  1  that  the  retention  of  their  compact 
structure  and  translucency  by  calcite  fossils  lends  to  them  an 
appearance  of  immunity  from  the  action  of  carbonic  acid  which  they 
do  not  in  reality  enjoy. 

It  remained  to  investigate  the  cause  or  causes  of  observation  2, 
and  to  ascertain  whether  the  fact  observed,  viz.  that  aragonite  shells 
are  dissolved  far  more  rapidly  than  the  calcite,  is  due  (a)  to  difference 
of  mineralogical  constitution ;  (b)  to  difference  of  structure  of  the 
shell  related  to  that  difference  of  mineralogical  constitution;  or  (c) 
to  both  causes  combined. 

To  test  the  first  point  we  placed  pure  crystalline  calcite  and 
aragonite  in  fine  powder  in  two  flasks  of  the  same  capacity  and 
shape  together  with  equal  volumes  of  carbonic  acid  solution  of 
equal  strength,  and  determined  the  loss  of  weight  suffered  by  the 
substances  after  the  lapse  of  an  equal  interval  of  time  in  each  case. 

The  result  of  the  experiment  showed  no  excess  of  action  on  the    I 
aragonite  over  that  on  the  calcite. 

A  similar  experiment  where  finely  powdered  fossil  calcite  and 
aragonite  shells  were  employed  gave  similar  results. 

The  conditions  under  which  these  determinations  were  made  were 
not  such  as  to  eliminate  certain  possible  sources  of  error,  but  the 
degree  of  accuracy  obtainable  is  sufficient  to  justify  us  in  concluding 
from  the  numbers  given  below  that  the  more  rapid  solution  of 
aragonite  fossil  shells  is  not  duo  directly  to  difference  ol  mvcift\- 
alogical  constitu^ic^zi,  but  to  difference  of  structure. 


LoMinWt. 

o/oOf  LOM  on  OriglBal  Wt. 

'0404  grams. 
•0350     ,. 

6-90 
6-66 

68  Cornish  and  Kendatt^Cakareous  Organisms. 

In  the  cjwe  of  the  experiment  where  the  fossil  shells  were  sns- 
pended  in  carbonated  water  the  percentage  of  loss  is  caloalated  on 
the  weight  of  the  shell  before  its  immersion  in  the  carbonic  acid 
solution  in  each  case,  and  not  on  the  original  weight.  It  will  be 
observed  from  the  numbers  given  that  the  ratio  between  the  losses 
by  solution  increases  towards  the  end  of  the  experiment  when  the 
aragonite  shell  had  assumed  a  clayey  consistency. 

Experiment  with  fossil  shells  suspended  in  GO)  solution :  — 

Nature  n-i-j«.i  w*  Lo«»  •'^•^  After  other  After  other 

ofSubet.  Original  Wt.  ^^^^  ^^^  74 1„^ 

Calcite -3196  grams.      ...      12-607,,      —        712%      ...        9-447^ 

Aragonite...    -3779     „  ...      26'357o      ...      17187o      ...      27-137o 

Experiment  with  fossil  shells  in  a  state  of  fine  powder  : — 

Nature  of  Subet.  Original  Wt.  Lorn  in  Wt.  ^^/oOtJjonanOtit^latl'Wt, 

Calcite    '5694  grains.       ...        -0829  grams.       ...        14*56 

Aragonite  ...        -OOIO     „  ...        -0868     „  ...        14-27 

Experiment  with  powdered  crystals : — 

Nature  of  Subat.  Original  Wt. 

Calcite    *5850  grams. 

Aragonite  ...        -6170     „ 

With  regard  to  the  question  of  structure,  aragonite  fossil  shells 
have  a  hard  surface,  but  the  interior,  though  close-grained,  is  porous. 
The  calcite  shells  on  the  other  hand  are  compact  throughout.  The 
porosity  of  the  aragonite  fossils  is  indicated  by  the  circumstance 
that  they  adhere  to  the  tongue.  The  difference  of  structure  is  well 
shown  by  the  following  experiments.  If  a  fossil  calcite  shell  be 
immersed  in  water  a  few  large  bubbles  collect  on  the  shell,  and  after 
a  time  detach  themselves  one  by  one.  On  the  other  hand,  if  an 
aragonite  fossil  from  which  the  hard  outer  layer  has  been  removed 
be  immersed,  a  stream  of  small  bubbles  rises  rapidly  from  the  shell, 
giving  an  appearance  of  efifervescence  similar  to  that  produced  by 
the  action  of  a  dilute  acid  on  carbonate  of  lime. 

The  geological  conditions  favourable  to  the  removal  of  aragonite 
shells  appear  to  be  : 

(a)  Enclosure  in  permeable  beds. 

(6)  Flow  of  carbonated  water. 

The  latter  condition  can  of  course  be  best  complied  with  above 
the  saturation  level  of  the  rock.  This  is  well  illustrated  by  the 
following  observation  made  at  the  Coralline  Crag  pit  belonging  to 
Mr.  Petti t,  on  the  Leiston  road,  near  Aldbo rough,  referred  to  in  the 
paper  already  cited  (Geol.  Mag.  Nov.  1883).  Here,  above  the 
saturation  level,  aragonite  shells  have  entirely  disappeared,  casts 
alone  remaining,  whilst  below  the  saturation  level,  in  a  shallow 
excavation  made  in  the  corner  of  a  small  pond,  a  bed  of  hard  Crag 
was  met  with  containing  actual  aragonite  shells,  though  in  so 
advanced  a  stage  of  decomposition  that  it  was  impossible  to  secure 
a  specimen.  It  is  interesting  to  observe  that  where  well-marked 
lines  of  flow  occurred,  even  the  calcite  shells  were  entirely  removed. 

In  the  same  connection  we  may  quote  from  Mr.  Sorby*8  address 


Camiah  and  Kendall — Calcareous  Organisms.  69 

t  passage  which  has  referenoe  to  the  Portland  Oolite.  It  will  be 
Dotioed  that  Mr.  Sorby's  conjectures  are  borne  out  in  detail  by  our 
experiments.  The  passage  is  as  follows  :  "  Where  the  deposit  has 
taken  place  in  a  current,  they  (the  aragonite  shells)  are  more  or  less 
completely  absent,  probably  because  they  had  become  tender  by 
decomposition  and  were  broken  up  before  final  deposition.  Under 
similar  circumstances  the  calcite  shells  have  resisted  complete  disin- 
tegration and  still  show  the  original  structure." 

At  Walton-on-the-Naze  the  uppermost  beds  of  fossiliferous  Bed 
Crag  contain  very  few  calcite  shells  and  immense  numbers  of 
aragonite  shells.  The  latter  are  as  a  rule  greatly  decorticated  and 
often  quite  pulverulent.  The  overlying  bed  formerly  referred  to  as 
"  Unproductive  Sands  "  does  not  as  a  rule  contain  any '  shells,  but 
thin  lenticular  patches  of  greatly  decomposed  fragments  of  shells 
occur,  the  species  of  which  could  sometimes,  though  rarely,  be 
determined.  This,  and  the  circumstance  that  locally  pipes  of 
unproductive  sand  descend  into  the  fossiliferous  beds  below,  show 
conclusively  that  this  was  a  case  of  decalcification.  A  prior  obser- 
vation by  Mr.  Whitaker  (Q.J.G.S.  vol.  xxxiii.)  led  him  to  the  same 
conclusion. 

In  a  Coralline  Crag-pit  opposite  Mr.  Chaplin's  farm-house  on  the 
road  from  Dullingham  to  Sudbourne,  very  loose  sand  containing 
only  decomposed  calcite  shells  can  be  seen  to  pass  up  into  a  loose 
sandy  bed  destitute  of  fossils. 

Near  Sudbourne  Church  a  similar  sand  occurs,  which  can  be 
recognised  as  decalcified  crag,  by  the  circumstance  that  a  large  per- 
centage of  the  sand  grains  are  coprolitic,  a  character  which 
distinguishes  the  Red  and  Coralline  Crag  from  all  other  deposits. 

In  the  classical  pit  in  Sudbourne  Cburch  Walks  (Mrs.  Rackham's), 
where  the  superposition  of  Red  upon  Coralline  Crag  can  be  observed, 
the  Coralline  Crag  has  suffered  the  removal  of  its  aragonite  shells, 
while  the  overlying  Red  Crag  contains  a  profusion  of  organisms  of 
aragonite  constitution,  a  fact  which  appears  to  indicate  that,  previously 
to  the  deposition  of  the  Red,  the  Coralline  Crag  had  stood  above  the 
sea-level  and  had  undergone  submergence. 

Pabt  II. 

As  stated  by  Mr.  Sorby,  the  true  mineralogical  character  of  any 
calcareous  organism  is  best  indicated  by  the  8j>ecific  gravity.  This 
was  determined  by  Mr.  Sorby  from  the  powdered  substance.  We 
were  desirous,  however,  to  ascertain  if  the  destruction  of  the  specimens 
could  be  avoided  ;  and  the  following  numbers  Irom  our  determinations 
by  the  method  of  suspension  show  that  in  many  cases  at  least  it  is 
not  necessary  to  sacrifice  the  specimen.  In  the  case  of  univalve 
shells,  however,  it  is  sometimes  necessary  to  break  into  the  whorls. 
Where  a  recent  specimen  has  a  thick  epidermis,  this  must  be  removed 
by  caustic  soda. 

The  observations  which  follow  were  made  in  following  out  the 
indications  obtained  : — 1.  from  the  known  inferior  stability  of  arago- 
nite fossils ;  2.  from  the  rule  which  appeared  to  hold  with  regard 
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to  the  tranBlucenoy  of  caloite  fossils  and  tbe  opacity  of  those  of 
aragonite. 

Kfttore  of  Spedmen.  Weight  of  Speelmeiu  Sp.  gr. 

Ciystal  of  aragonite  hexagonal  (twin  form) 37'3560  grams  ...  2*933 

Aragonite,  fihrous  yariety 23'6lll  „  ...  2-867 

Artemit  Unti/otmii  (fossil,  opaque) 4*7490  „  ...  2-840 

Feetuneulut  ffipeinurit  (recent) 3-9446  „  ...  2*846 

Calcite  (cleayage  rhombohedron)  3*0272  „  ...  2*716 

FeeUn  opereutarit  ((QBsi\,  txnnalncent) 1*8711  ,»  •••  ^'70 

Ptcten  operculars  (recent)     1-1116  „  ...  2-70 

Oastkropoda. 

Scalaria,  to  which  reference  was  made  in  the  paper  before  qnoted, 
proves  to  be  calcite,  as  suggested  from  its  translucency  and  mode  of 
occurrence  in  the  Coralline  Crag.     Its  specific  gravity  is  2-686. 

Murex  tortuosus  has  a  thick  opaque  inner  layer,  while  the  invest- 
ment constituting  the  frills  or  varices  is  translucent  The  specific 
gravity  2*85  indicates  that  the  greater  part  of  the  shell  is  aragonite, 
as  suggested  by  its  appearance. 

We  are  disposed  to  regard  these  features  as  valuable  in  the  deter* 
mination  of  the  true  affinities  of  the  so-called  Purpura  Mragtma, 
regarding  which  the  late  Dr.  Jeffreys  and  Mr.  Searles  V.  Wood  jun., 
were  at  issue.  Purpura  as  typified  by  P.  hpillu$  has  an  extremely 
thin  opaque  layer,  which  does  not  reach  the  edge  of  the  outer  lip, 
and  the  specific  gravity  corresponds  with  that  of  calcite  shells. 
P.  tetragona  on  the  other  hand  is  opaque,  with  a  translucent  layer 
so  insignificant  in  thickness  that  it  is  removed  by  attrition  from  all 
the  prominences.  Tbe  translucent  layer  is  not  visible  within  the 
outer  lip. 

The  affinities  of  P.  tetragona  are  therefore  probably  with  Murex 
arenaceus  rather  than  with  P.  lapillus, 

Tectura  testudinaria,  Sp.  gr.  of  recent  specimen  2*834.  In  tbe 
fossil  state  it  is  opaque,  with  a  translucent  outer  layer,  hence  we 
may  conclude  that,  as  in  the  case  of  3f.  tortuoeue^  the  inner  layer  is 
aragonite  and  the  outer  calcite. 

Fdsus. 

This  genus  furnishes  evidence,  which  we  consider  to  be  conclusive, 
respecting  the  determination  of  the  constitution  of  calcareous  shells 
by  their  opacity  or  translucency  in  the  fossil  state. 

Mr.  Sorby  stated  in  his  address  that  the  inner  layer  of  Fasue,  as 
typified  by  F,  antiqnus,  is  aragonite,  the  outer  calcite,  and  in  the 
paper  by  one  of  us  already  cited  it  was  mentioned  that  the  inner 
layer  was  opaque  and  the  outer  translucent,  and  several  fossil 
species  were  instanced,  which,  being  entirely  opaque,  were  probably 
wholly  aragonite.  The  sp.  gr.  of  three  species  which  have  been 
determined  by  us  shows  them  to  be  wholly  aragonite.  We  give 
the  sp.  gr.  of  F,  antiquus  for  comparison. 

F.  antiquut sp.  gr.  2*668  (yery  thin  aragonite  layer) 

F.  eoatifer     „  2-88 

F.  pyrifot fni8   „  2*96 

jF,  loiiffavui  ,,  2-89 
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The  exceptionally  high  ep.  gr.  of  F.  pyriformis  is  no  doubt  to  be 
accounted  for  by  the  faot  that  the  specimen  was  impregnated  with 
oxide  of  iron. 

Cephalopoda. 

^  Ammonites, — From  the  mode  of  occurrenoe  of  these  shells,  the 
circumstanoe  that  in  porous  beds  casts  only  are  preserved,  and  the 
similarity  in  appearance  of  the  shells  to  those  of  Nautilus  (deter- 
mined by  Mr.  Sorby  to  be  aragonite),  we  are  justified  in  assigning 
them  to  the  aragonite  division. 

The  Aptyehi,  however,  have  the  translucency  characteristic  of 
caloite,  and  they  are  found  well  preserved  in  beds  such  as  the  Chalk, 
iD  which  the  Ammonites  are  only  represented  by  casts.  The 
determination  of  the  sp.  gr.  2'70  shows  them  to  be  calcite. 

BeUmnites. — We  find  in  Woodward's  Manual  of  Conchology,  p.  173, 
that  according  to  the  determination  of  Mr.  Alex.  Williams,  the  sp.  gr. 
of  the  guard  of  Belemnites  puzosianus  is  2-674,  and  that  of  BelSn^ 
mtella  mucronata  2*677;  they  are  therefore  calcite,  as  their  trans- 
lacent  appearance,  familiar  to  all  geologists,  would  lead  one  to 
suppose. 

The  phragmacone  of  Belemnitella  is  not  known,  and  as  no  aragonite 
shells  are  preserved  in  the  Upper  Chalk,  we  were  led  to  believe  that 
the  phragmacones  of  Belemnites  would  prove  to  be  aragonite.  Mr. 
Bobert  Etheridge  kindly  furnished  us  with  a  specimen  in  which  the 
chambers  were  filled  with  translucent  calcite,  while  the  septa  and  the 
siphuncle  which  were  preserved  presented  the  usual  chalky  appear- 
ance of  aragonite.  The  specific  gravity  was  found  to  be  2*75, 
justifying  the  belief  that  a  small  quantity  of  aragonite  was  present, 
with  the  greater  certainty  that  the  appearance  of  the  specimen  shows 
it  to  be  free  from  oxide  of  iron,  and  the  mode  of  deposition  of  the 
calcite  in  the  chambers,  together  with  its  high  degree  of  translucency, 
furnish  guarantees  of  its  purity.  A  si^eciraen  of  B.  minimns  from 
the  Gault  has  the  phragmacone  preserved,  and  it  presents  the 
appearance  characteristic  of  aragonite.  It  may  be  of  interest  here  to 
note  that  the  homologous  structure  of  sepia  has  been  determined  by 
Sorby  to  be  aragonite. 

POLYPLAOOPHORA. 

Chiton  (recent),  sp.  gr.  2*848,  therefore  aragonite. 

Heteropoda. 
Bolahella  (recent),  sp.  gr.  2*859,  therefore  aragonite. 

Lamellibranghiata. 

Pecten  opercvXans  (recent),  sp.  gr.  2*70,  therefore  calcite. 

Pectunculus  glycimerta  (recent),  sp.  gr.  2*845,  therefore  anigonite. 

Artemis  lentiformis  (fossil),  sp.  gr.  284,  therefore  aragonite. 

Teredo  Noroeijica. — Teredo  is  regarded  by  Dr.  Sorby  as  a  typical 
calcite  shell :  but  certain  tubular  fossils  found  by  one  of  us  in  the 
Crag,  and  which  have  been  regarded  as  T.  Norvrgicay  have  the 
opacity  characteristic  of  aragonite  ;  and  upon  this  circumstance  and 
peculiarities  in  its  mode  of  occurrence  the  opinion  was  based  that  the 
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reference  of  the  form  to  Teredo  had  been  erroneons.  In  this  viesr 
the  late  Dr.  Gwyn  Jeffreys  concurred.  The  fossil  has  a  sp.  gr.  of 
2*9,  and  is  therefore  composed  of  aragonite.  We  offer  do  suggestion 
as  to  its  affinities. 

Hexaooralla. 

All  those  corals  examined  by  Mr.  Sorby  consisted  entirely  or 
almost  entirely  of  aragonite. 

Parasmilia  centralis, — The  circumstances  of  the  preservation  of 
this  coral  in  the  Upper  Chalk  induced  us  to  examine  it,  when  we 
found  that  it  was  translucent,  and  therefore  probably  calcite.  This 
conclusion  is  confirmed  by  the  sp.  gr.  2*70. 

POLYZOA. 

Mr.  Sorby  observes  that  many  Polyzoa  have  a  specific  gravity 
intermediate  between  those  of  calcite  and  aragonite,  and  suggests 
that  they  may  be  composed  of  a  mixture  of  calcite  and  aragonite. 
Observations  by  one  of  us  on  Polyzoa  show  that  these  two  substances, 
as  indicated  by  the  translucency  and  opacity,  are  not  actually  inter- 
mingled, but,  as  we  have  found  to  be  invariably  the  case  in  other 
organisms,  occur  as  two  distinct  layers,  inasmuch  as  many  genera, 
such  as  Eschara^  have,  when  well  preserved,  an  outer  opaque  and  an 
inner  translucent  layer,  the  former  being  absent  in  deposits  from 
which  the  aragonite  shells  have  disappeared.  Here  the  disposition 
of  the  layers  is  the  reverse  of  what  is  found  in  the  Mollusca,  which 
always  have  the  aragonite  layer  internal. 

FORAMINIFERA. 

Mr.  Sorby  has  ascertained  that  certain  of  these  (genera  not  speci- 
fied) are  composed  of  calcite,  but  the  facts  we  have  accumulated 
regarding  the  group  show  that  one  great  family,  the  Porcellanea,  is 
similar  in  occurrence  and  behaviour  to  those  structures  characterized 
by  the  possession  of  aragonite  tests.  Moreover,  the  aspects  of  the 
tests,  which  have  suggested  the  names  Vitrea  and  Porcellanea,  are  as 
well  shown  in  the  fossil  as  in  the  recent  state,  and  agree  exactly 
with  the  aspect  of  calcite  and  aragonite  shells  respectively.  Although 
we  have  not  yet  direct  experimental  proof  that  the  Porcellanea  con- 
sist of  aragonite,  yet  it  will  be  seen  from  what  follows  that  they 
have  been  shown  to  be,  relatively  to  the  Vitrea,  unstable  towards  the 
action  of  carbonated  water. 

The  form  called  Biloculina  ringens  occurs  along  with  aragonite 
shells  in  the  Coralline  Crag  of  Gedgrave,  and  is  the  most  abundant 
Foraminifer  in  that  deposit ;  but  at  Aldeburgh,  Iken,  Sudbourue 
Cross  Roads  (Mrs.  SewelPs  Pit),  and  the  White  Gates  Pit,  Sud- 
boume  Park  (in  the  Coralline  Crag  from  which  the  aragonite  shells 
have  been  removed),  there  is  not  a  trace  of  it ;  while  the  Po/y- 
morphina  frondiformis,  comparatively  rare  at  Gedgrave,  is  found  here 
well  preserved. 

In  Prof.  King's  "  Monograph  on  the  Permian  Fossils  "  (Palseont 
Soc.  vol.  ii.)  it  is  stated  that  no  Imperforata  Foraminifera  are  known 
from  any  formation  below  the  Trias ;  but  the  most  striking  evidence 
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of  the  instability  of  PorceUanea  is  furnished  by  the  list  of  Cbalk 
Foramimfera  in  Dixon's  "  Geology  of  Sussex/'  of  which  an  analysis 
is  subjoined. 

Chalk  Forahinifera. 

Miliolat  ep.  rare PoreeUan$a, 

Zituoiida,  4  sp^ Aretiacea, 

LagenidtBf  49  spp Vitr«a, 

Po/ymorpAti>iV/<8,  4  spp.  and  Tars ,, 

Buiiminida,  13  spp „ 

Tettularida,  16  spp „ 

OfobifferinUf  6  spp „ 

jRataiina ,, 

The  significant  fact  appears  from  this  that  in  a  deposit  from  which 
all  the  aragonite  shells  have  been  removed,  among  98  specimens  of 
Foraroinifera  recorded,  only  one  porcellanous  form  is  included,  and 
that  presumably  in  so  bad  a  state  of  preservation  as  to  forbid  specifio 
determination.  Judging  from  the  analogy  of  recent  Foraminiferal 
deposits  from  all  depths,  the  Chalk  should  have  contained  originally 
a  considerable  proportion  of  porcellanous  species.  The  chain  of 
evidence  was,  however,  less  complete  than  in  the  case  of  larger 
structures,  where  casts  or  replacements  have  been  observed.  We 
therefore  tried  the  action  of  a  solution  of  carbonic  acid  on  Miliola 
(porcellanous)  and  Rotalia  (vitreous)  in  the  fossil  state,  with  the 
result  that  the  porcellanous  species  was  reduced  to  a  condition  in 
which  it  was  disintegrated  by  a  stream  of  water,  whilst  the  vitreous 
Bpecies  maintained  its  integrity,  neither  did  it  lose  its  translucency 
or  compact  structure.  It  may  be  added  that  the  strength  of  structure 
of  the  porcellanous  is  at  least  equal  to  that  of  the  vitreous  species. 

From  experiment  and  observation  we  may  therefore  infer  that 
PorceUanea  are  of  inferior  stability  to  Vitrea  in  presence  of  carbonated 
water,  and  consequently  that  their  absence  from  a  formation  such  as 
the  Chalk  does  not  warrant  the  assumption  of  their  non-existence  at 
the  period  of  its  deposition. 

Note, — Subsequently  to  the  reading  of  the  paper  our  attention  was 
drawn  to  a  communication  by  Prof.  Sollas  (Proc.  Roy.  Soc.  Dublin, 
vol.  iv.  new  series,  1885),  in  which  the  author  comments  on  the 
rarity  of  Imperforate  Foraminifera  in  the  older  rocks.  The  specifio 
gravities  were  determined  in  the  Sondstadt  solution.  The  values 
obtained  for  recent  specimens  were  Vitrea  2*626  to  2674,  PorceUanea 
mostly  2*7,  but  ranging  to  2722.  We  also  have  succeeded  in  obtain- 
ing sufficient  recent  Spiroloculina  for  determination  by  the  specifio 
gravity  bottle  in  a  state  of  fine  powder.  Two  experiments  gave 
respectively  2*70  and  2-71.  As  we  have  not  yet  completed  our 
examination  of  this  group,  and  the  percentage  of  animal  matter  has 
not  yet  been  determined,  we  express  no  opinion  regarding  the 
mineral ogical  constitution  of  the  tests,  but  content  ourselves  with 
pointing  out  that,  as  in  the  case  of  aragonite  organisms,  opacity  in 
the  fossil  state  accompanies  instability  towards  carbonated  water, 
both  probably  being  related  to  the  structure  of  the  shell. 
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Y, — On  thb   Ooourbenoe  of   Pobphtbitio   Steuotub«    in  Somi 

Books  of  the  Lizaud  Distbiot.' 

By  HowABo  Fox,  of  Falmouth,  and  Alex.  Sombbtail,  of  Torquay. 

BEING  the  fortunate  possessors  of  Prof.  Bonney's  valuable  papers ' 
on  the  Lizard  Serpentines  and  Schists  in  a  pamphlet  form, 
vre  examined  the  coast  this  spring  somewhat  minutely  from  Polurrian 
Cove  on  the  west  to  the  Blackhead  on  the  east  of  the  Lizard  Point 
We  had  tracings  of  the  entire  coast  in  our  pockets,  taken  from  the 
25  inch  Parish  Maps,  and  owing  to  fine  weather,  and  a  favourable 
state  of  the  coast,  we  were  able  to  visit  some  of  the  less  accessible 
rocks,  and  to  trace  some  beds  which  at  times  are  covered  with  sea- 
weed and  shingle  or  debris  from  the  falling  cliffs.  Prof.  Bonney's 
porphyritic  diabase  had  been  previously  identified  by  one  of  us  after 
a  long  search  over  the  18  acres  of  rocks  and  boulders  exposed  at 
Polpeor  at  low- water  spring-tides.  We  made  ourselves  familiar 
with  this  rock,  and  were  thereby  enabled  not  only  to  trace  it  further, 
but  to  recognize  a  porphyritic  structure  in  many  dykes  and  intrusions 
along  the  coast,  and  also  in  the  darker  bands  of  Prof.  Bonney's 
*'  Granulitic  Group." 

Commencing  at  Polurrian,  the  most  westerly  point,  we  will  proceed 
eastward,  noting  the  chief  localities  where  the  porphyritic  structure 
may  most  readily  be  observed. 

Vellan  Head. —About  250  yards  N.W.  of  the  granitic  vein  marked 
on  the  Ordnance  Map,  near  the  base  of  the  cliff  and  opposite  an 
island,  some  narrow  porphyritic  dykes  occur  in  the  midst  of  bands  of 
disintegrated  serpentine,  steatite,  etc.,  and  quartzose  rock. 

Good  Gastol  (?). — At  the  inner  end  of  a  little  cove  about  300 
yards  S.E.  of  Oliver's  Eefreshment  Room  at  Ky nance  Cove  there 
are  some  dykes  with  a  few  crystals  of  felspar  scattered  through 
their  compact  dark  matrix. 

HoLKSTKow. — On  the  foreshore  at  the  southern  end  of  this  land 
slip  and  a  little  N.W.  of  Pentreath  Beach  are  several  masses  of 
banded  crystalline  rocks  in  situ  resembling  the  "  Granulitic  Group." 
In  these  rocks  may  be  discovered  by  careful  search  felspar  crystals 
scattered  through  the  matrix  of  the  darker  bands. 

Pentreath  Beach. — At  the  extreme  north  end  of  this  beach  a 
granitic  vein  runs  up  the  cliff.  Adjoining  are  some  trap  dykes  also 
cutting  the  serpentine.  About  100  yards  south  of  this  point  a  por- 
phyritic dyke  may  be  seen  at  low-water  running  in  a  N.W.  and 
S.E.  direction.  This  dyke  is  again  found  in  a  chine  in  the 
cliff  in  a  line  with  its  strike.  At  the  south  end  of  this 
beach  occurs  the  junction  of  the  serpentine  with  hornblende 
schist.  About  100  yards  south  of  this  junction  we  find  indications 
of  porphyritic  structure  in  the  massive  cliffs,  here  chiefly  composed 

^  An  Abstract  of  this  paper  was  read  before  the  British  Association,  Section  C. 
(Geology),  Manchestt-r,  September  1887. 

2  Quart.  JouTD.  Geol.  Soc.  Nov.  1877,  pp.  884-928,  and  Feb.  1883,  pp.  1-24. 
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of  mioaceoos  sohisto.  These  indications  continue  for  the  next 
300  yards,  yiz.  to  considerably  south  of  Caerthiilian,  and  on  the 
foreshore  are  seen  stones  and  boulders  of  typical  porphyritic 
Btructare. 

North  Caebthillian. — The  most  readily  accessible  place  where  a 
typical  porphyritic  rock  may  be  seen  in  situ  is  immediately  N.E. 
of  the  headland  which  bounds  Caerthiilian  on  the  north.  This  spot 
can  be  reached  with  ordinary  care  from  the  top  of  the  cliff,  which 
is  lower  here  than  on  either  side.  A  quartzo-felspathic  rock  is 
exposed  close  under  the  soil,  and  a  few  yards  below  it  are  several 
bands  alternating  of  porphyritic  and  granulitic  rock  much  faulted. 
The  darker  bands  are  thickly  studded  with  small  well-defined  crys- 
tals of  felspar,  which  on  the  weathered  surface  project  beyond  the 
matrix.  These  bands  can  be  traced  for  20  yards  in  a  N.W.  and 
S.E.  direction,  much  twisted.  They  extend  in  a  S.W.  direction  to 
high-water  mark  and  down  the  cleft  to  the  south. 

South  Cabbthillian. — Some  rocks  apparently  in  atlu  on  the  fore- 
shore 70  to  100  yards  south  of  Caerthiilian  Cove  show  crystals-  of 
felspar  in  their  soft  micaceous  matrix.  The  adjoining  cliffs  show  a 
porphyritic  structure  in  a  more  compact  rock. 

Pistil  Ooo. — Rounding  the  Lizard  Head,  we  can  descend  the  cliff 
at  this  place,  where  we  find  a  greenish  porphyritic  rook  running 
N.W.  and  S.E.,  and  200  yards  further  east  we  reach  the  most 
southern  point. 

PoLPEOB. — When  the  shingle  and  seaweed  have  sufficiently  left 
the  coast,  the  porphyritic  diabase  discovered  by  Prof.  Bonney  can  be 
traced  running  N.W.  and  S.E.  for  150  to  200  yards.  It  is  exposed  in 
the  micaceous  and  hornblendic  schists  in  an  intricate  manner,  appear- 
ing again  and  again  at  and  near  the  base  of  the  cliff  and  on  the  fore- 
shore both  in  Polpeor  and  the  adjoining  cove  to  the  N.W.  It  can  be 
traced  in  the  mass  of  rock  which  at  half- tide  forms  the  eastern 
boundary  of  Polpeor  beach,  and  through  this  on  the  foreshore  still 
further  east  towards  Polpeor  Island.  It  appears  again  in  Yellan 
Drang  200  yards  S.W.  of  Polpeor  Cove  in  the  strike  of  the  Pistil 
Ogo  Beds. 

Pabn  Voosb  (locally  Pknvosk). — This  cove  directly  north  of  the 
Balk  Quarry  is  the  place  at  which  Prof.  Bonney's  "Granulitic 
Group"  sets  in,  and  continues  with  alternations  of  hornblende 
schist  and  serpentine  to  Kennack  Beach.  Here  also  the  gabbros 
appear  in  mass,  and  here  the  porphyritic  structure  in  the  dark 
hands  of  this  crystalline  series  may  be  seen  to  advantage.  The 
foreshore  is  strewn  with  boulders  recently  fallen  from  the  cliff, 
and  the  crystals  of  felspar  in  some  of  these  are  from  one  to  two 
inches  long  and  almost  as  broad.  The  same  occurrence  of  crystals 
is  seen  in  the  cliffs,  but  not  to  such  advantage  as  in  the  boulders. 

PoLBARBOw. — Proceeding  still  eastward  past  Lean  Water  and 
Gothan  Point  or  Whale  Eock,  we  come  to  Polbarrow,  and  can  trace 
porphyritic  indications  throughout  this  region. 

KiLDOWN. — East  of  Cadgwith  we  also  find  crystals  and  felspar 
in  the  dark  bauds  of  the  granulitic  group. 
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Cakrleon. — Here  Prof.  Bonney's  porphyritic  dyke  *  is  seen  abont 
100  yards  south  of  the  Poltesco  Serpentine  Factory. 

Passing  Caerleon  Cove,  we  climb  up  the  hill  by  the  Coast-guard 
path,  cross  the  rocky  slope  above  '*  Little  Cove,"  and  scramble  down 
into  the  next  small  cove  north  of  a  projecting  serpentine  headland 
called  in  the  Parish  Map  Polbream  Point.  Here  we  find  rocks  with 
large  crystals  of  felspar,  both  in  situ  and  in  boulders  scattered  over 
the  rocky  foreKhore  for  the  next  300  yards  northward. 

Cayouga. — The  Parish  Map  gives  the  name  of  Cavonga  to  the 
serpentine  rocks  running  out  to  sea  100  yards  north  of  Polbream 
Point,  and  as  the  rocks  containing  large  crystals  of  felspar  occur  on 
each  side  of  these  serpentine  rocks,  it  may  be  an  appropriate  name 
by  which  to  designate  this  region. 

There  are  two  exposures  of  these  large-crystalled  porphyries  in 
situ  at  the  foot  of  the  cliffs;  the  first  abont  90  yards  S.W.  of 
Cavouga  Rocks,  the  second  about  200  yards  north  of  them,  or  say 
600  yards  N.E.  of  Poltesco  Serpentine  Factory.  The  first  of  these 
appears  to  cut  the  serpentine,  and  can  be  traced  up  the  cliff,  the 
darker  bands  containing  both  large  and  small  crystals  of  felspar  at 
various  angles,  and  the  associated  lighter  bands  resembling  the 
qnartzo-fel spathic  bands  of  the  "  Granulitic  Group."  llie  second 
exposure  north  of  Cavouga  Kocks  resembles  three  dykes  cutting 
through  the  serpentine;  but,  as  Colonel  MacMahon  suggests,  it 
may  be  one  dyke  which  by  pressure  has  been  doubled  up  on  itself. 
Between  and  on  either  side  of  these  two  exposures  the  darker  bands 
of  this  crystalline  series  of  rocks  show  from  time  to  time  distinct 
crystals  of  felspar  in  the  massive  rocks  as  well  as  in  those  which 
appear  to  cut  the  serpentine  as  dykes.  On  the  foreshore  are  many 
boulders  so  studded  with  crystals  as  to  resemble  mosaic,  the  crystals 
occasionally  reaching  a  length  of  nearly  six  inches  and  a  breadth 
of  from  two  to  three  inches.  One  boulder  had  some  of  the  crystals 
beautifully  tinted  with  red. 

Eennaok. — In  proceeding  east  to  Eennack,  we  trace  the  crystals  in 
the  dark  bands  of  the  granulitic  group,  and  on  reaching  the  beach  we 
find  the  porpliyritic  structure  very  marked  in  some  isolated  masses  of 
the  same  group,  one  of  which  Prof.  Sedgwick  described  as  a  "  Green- 
stone porj)hyry."  *  North  of  these  in  a  low  cliff  we  trace  a  similar 
structure. 

Grren  Saddle. — About  500  yards  E.S.E.  of  the  thatched  shed  at 
the  extreme  east  of  Kennack  Beach  there  is  another  exposure  of 
rock  with  large  crystals  of  felspar  resembling  a  dyke  cutting  the 
serpentine.  The  foreshore  is  here  also  strewn  with  boulders  of 
porphyritic  rock. 

Summary. 

The  crystals  of  felspar  are  found  to  be  most  numerous  in  those 
rocks  which  lie  in  the  closest  proximity  to  the  gabbro  and  serpentine; 

*  Quart.  Journ.  Geol.  Soc.  Nov.  1877,  p.  900. 
'  Trans.  Cambridge  PhiL  Soc.  toI.  L  p.  18. 
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ttey  have  their  long  axis  at  various  angles,  and  are  mostly  small, 
except  at  Pcum  Yoose,  Cavouga,  and  Green  Ssuldle.  The  felspathic  and 
bomblendic  lines  often  circle  round  the  crystals. 

Such  is  a  brief  statement  of  the  bare  facts  of  our  observations  in 
this  particular  direction.  Without  discussing  any  theory  as  to  the 
true  nature  and  origin  of  the  whole  of  the  schists,  we  think  that 
the  porphyritic  structure,  so  prevalent  in  the  dark  bands  of  the 
<*Granulitic  Group/'  in  many  of  the  micaceous  and  other  rocks,  as  also 
in  the  later  intrusions  cutting  the  serpentine,  indicates  an  igneous 
origin  for  many  rocks  hitherto  regarded  as  schists. 


TI. — On   the  Principal  Modifications  of  the  Spibals  in  thi; 

Fossil  Braohiopoda. 

By  the  Rey.  Norman  Glass. 

DR.  DAVIDSON,  assisted  by  the  writer,  gave  a  provisional  sketch  of 
the  classification  of  the  spiral-bearing  Brachiopoda  in  the  volume 
of  the  Palasontographical  Society  for  1883.^  As  Dr.  Davidson  then 
said,  our  design  was  *'  to  assist  those  palsdontologists  who  might  feel 
inclined  to  continue  the  subject."  The  following  notes  have  been 
written  by  me  for  the  same  end,  and  I  think  that  if  they  are 
carefully  read  and  compared  with  the  figures  in  Dr.  Davidson's 
Carboniferous,  Devonian,  and  Silurian  Supplements,  they  will  give 
a  tolerably  clear  idea  to  the  student  of  a  very  complex  and  difficult 
subject.  I  have  perhaps  some  claim  to  write  upon  this  subject  from 
the  years  of  close  and  continuous  investigation  which  I  have  devoted 
to  it,  and  from  the  fact  that  I  have  discovered  a  large  proportion  of 
what  is  now  known  concerning  the  spirals  and  their  connections. 

In  the  *•  Geologist,"  1858  (vol.  i.  pp.  467-473,  folding  plate  xii.), 
Dr.  Davidson  gave  figures  and  descriptions  of  all  that  was  known  up 
to  that  date  concerning  the  spirals  and  their  connections.  The  com- 
parison between  these  figures  and  those  given  in  his  Carboniferous, 
Devonian,  and  Silurian  Supplements  in  1880  and  1882  is  very 
remarkable  as  showing  how  recent  have  been  the  great  majority  of 
the  discoveries  in  this  interesting  group.  I  have  thought,  therefore, 
that  it  might  add  to  the  interest  of  my  notes  if  I  gave  in  each  case 
Uie  date  of  the  discovery  and  the  name  of  the  discoverer,  that  is,  so 
far  as  these  are  known.  Of  course  it  will  be  understood  that  there 
are  many  genera  and  species  which  have  the  same  internal  characters 
as  to  the  position  of  the  spirals,  their  attachments  to  the  hinge-plate, 

^  Anticipating  a  delay  of  fifteen  months,  owing  to  the  retarded  appearance  of  his 
Monograph  in  the  PalieontoCTaphical  Volume,  the  veteran  author  on  the  Brachiopoda, 
Dr.  Davidson,  published  the  result  of  his  labours,  in  association  with  the  Kev. 
Xorman  Glass,  concerning  the  calcareous  spirals  of  the  Palaeozoic  Brachiopoda,  in 
the  Geological  Magazine  for  1881  (Decade  II.  Vol.  VIII.  pp.  1,  100,  I4o,  and 
289),  illustrated  by  Plate  V.  and  fourteen  Woodcuts.  It  will  be  well  for  the  reader 
to  refer  to  these  articles,  as  the  figures  therein  given  more  fully  elucidate  the  present 
paper,  and  the  whole  subject  is  treated  in  greater  detail  by  Dr.  Davidson  ;  save  and 
except  the  additional  remarks  made  by  Mr.  Glass  herein,  which  refer  to  discoveries  of 
i  later  date  than  IbSl. — £d.  Geol.  Mag. 
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and  their  connections  with  each  other,  but  only  the  first  discovered 
example  will  be  given  of  each  distinct  and  peculiar  form.  The 
names  and  dates  given  in  brackets  refer  in  each  case  simply  to  the 
discovery  of  the  calcareous  spirals. 

The  Position  of  the  Spibals  in  the  Shell. 

In  the  Spiri/erida  the  spirals  have  their  bases  facing  each  other 
in  the  centre  of  the  shell,  but  usually  their  apices  have  a  more  or 
less  upward  direction  towards  the  posterior  angle  of  the  lateral 
margins  of  the  shell.  This  upward  direction  is  very  marked  in 
Spirifera  Hneata,  var.  imhricata.  The  spirals  are  sometimes  directed 
backwards  into  the.  rostral  cavity  of  the  ventral  valve  as  well  as 
upwards,  for  example  in  Cyrtina  heterocHta. 

In  all  the  other  families  or  groups  of  the  spiral -bearing  Brachio- 
poda  the  spirals  are  always  so  disposed  as  that  a  transverse  section 
taken  through  the  greatest  circumference  of  the  shell  would  as 
nearly  as  possible  pass  through  the  apices  of  the  two  spirals  and  tbo 
centre  of  their  respective  bases.  The  spirals  which  are  thus 
arranged  in  the  shell  have,  so  far  as  has  been  ascertained,  six 
different  positions  in  the  various  genera  to  which  they  belong. 

Supposing  that  the  dorsal  or  lesser  valve  in  a  specimen  of  AlhyriB 
has  been  removed,  the  spirals  will  then  appear  with  their  bases 
facing  each  other  in  the  centre  of  the  shell,  and  their  apices  directed 
towards  the  lateral  margins  of  the  shell.  The  five  remaining 
positions  of  the  spirals  referred  to  might  all  be  obtained  by  rotating 
the  spirals  simultaneously  each  on  its  own  axis — that  is,  its  perpen- 
dicular axis,  from  the  posterior  to  the  anterior  border  of  the  spiral 
(Of  course  this  could  not  be  done  in  the  specimen  itself,  but  the 
motion  might  be  illustrated  by  two  cones  cut  out  in  wood.)  Thus, 
in  the  case  of  Athyris  as  described  above,  if  the  two  spirals  were 
rotated  simultaneously  outwards  each  on  its  own  perpendicular  axis, 
that  is,  the  right-hand  spiral  to  the  right  and  the  left-hand  spiral  to 
the  left,  the  spirals  would  soon  assume  the  position  in  the  shell  and 
towards  each  other  of  the  genus  Dayia^  Dav.  (Glass,  1880),  in  which 
the  apices  of  the  spirals  face  the  middle  of  the  lateral  portions  of 
the  ventral  valve.  Continuing  the  rotation  Thecospira  (Zugmayer, 
1880)  is  reached,  in  which  the  apices  of  the  spirals  face  the  bottom 
of  the  ventral  valve.  Again  continuing  the  rotation  we  have  succes- 
sively Glassia,  Davidson,  1881,  in  which  the  apices  of  the  spirals  face 
each  other  in  the  centre  of  the  shell,  Zygo»pira,  Hall  (Whitfield, 
18G2),  in  which  the  apices  of  the  spirals  are  directed  obliquely  into 
the  cavity  of  the  dorsal  valve,  and  Atrypa,  in  which  the  apices 
of  the  spirals  face  the  bottom  of  the  dorsal  valve.  And  a  still 
further  rotation  would  bring  the  apices  of  the  spirals  to  their  first 
position  as  in  Athyris. 

The  Attachments  of  the  Spirals  to  the  Hinge-plats  of  thi 

Dorsal  Valve. 

There  is  not  much  variety  here.  In  the  Spirifcrida  the  attach- 
ments are  straight.     In   the   Nucleospirida    and  Aihyrida^  and  in 
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Hindella^  heiongmg  to  the  Anazygida^  the  primary  lamellad  shortly 
after  attaohment  to  the  hinge-plate  are  bent  backwards  towards  the 
ventral  valve,  each  lamella  forming  an  acute  angle  with  the  oom- 
menoement  of  the  first  convolution  of  the  spiral  (this  attachment 
was  discovered  by  Davidson  in  1858).  In  Nueleospiraj  Hall,  and 
AthyriBj  M'Coy  (Olass^  1882),  this  angle  is  bent  or  curved  under 
like  a  beak.  In  some  American  species  of  Athyris,  M*Coy  (Whitfield, 
1859),  the  angle  is  not  acute,  but  more  open  and  loop-like.  In 
Atrypida  and  Anazygida  the  primary  lamellsB  shortly  after  attach- 
ment to  the  hinge-plate  are  bent  outwards  towards  the  lateral 
mai^ns  of  the  shell. 

The  Loop,  or  the  Conneotions  of  the  Spirals  with  each  other. 

In  the  Spiriferida  the  principal  character  is  the  straight  attach- 
ment of  the  spirals  to  the  hinge-plate.  In  Spirifera  (Davidson,  1858) 
the  loop  is  imperfect,  consisting  of  two  internal  processes,  arising 
from  the  primary  lamellae,  and  directed  downwards  between  the 
spirals,  but  not  uniting.  In  Cyrtina,  Dav.  (Glass,  1882),  these  pro- 
cesses unite  at  an  acute  angle.  In  Spiri/erina,  D*Orb.  (Davidson, 
1851),  the  loop  consists  of  a  straight  or  curved  horizontal  band 
almost  on  a  level  with  the  dorsal  surface  of  the  spirals. 

In  the  Atrypida  the  principal  character  is  the  position  of  the 
loop  exterior  to  and  above  the  spirals.  The  loop  is  directed  down- 
wards, and  is  simple  and  rounded  (Whitfield  says  that  in  some 
examples  of  Atrypa  the  loop  is  acutely  angular — this  had  never 
been  observed,  however,  by  Dr.  Davidson  or  myself).  In  Atrypa^ 
M'Coy  (Whitfield,  1866),  the  loop  is  small,  in  Zygospira,  Hall 
(Whitfield,  1862),  it  is  much  wider,  and  lower  down,  and  curves 
upwards  towards  the  hinge. 

In  the  Anazygida  the  principal  character  is  the  position  of  the 
loop  rising  from  the  bottom  of  the  spirals.  In  Anazyga  (Glass, 
1882)  the  loop  is  simple  and  rounded,  and  exterior  to  the  spirals. 
In  Hindella,  Dav.  (Glass,  1882),  the  loop  is  simple  and  rounded, 
with  a  short  spinous  extremity,  and  interior  to  the  spirals.  In 
Dayia,  Dav.  (Glass,  1880),  the  loop  is  simple  and  angular,  with 
a  short  spinous  extremity,  and  it  is  placed  between  the  primary 
lamellse  on  the  dorsal  side  of  the  spirals. 

In  the  Nucleospirida  the  principal  character  is  the  presence  of  a 
simple  loop,  more  or  less  angular,  between  and  near  the  centre  of 
the  spirals,  and  directed  almost  horizontally  from  the  dorsal  to  the 
ventral  side  of  the  spirals — for  example,  Nucleospira,  Hall  (Whitfield, 
1859). 

In  the  Athyrida  the  principal  character  is  the  presence  of  an 
internal  loop  more  complex  than  that  of  the  Nucleospirida,  and 
extending  upwards  from  the  centre  of  the  spirals.  The  loop  of  the 
Athyrida  is  really  an  extension  in  an  upward  direction  of  the  simple 
loop  of  the  Nucleospirida.  In  Bifida,  Dav.  (Glass.  1882),  there  is  a  small 
bifurcation  at  the  end  of  the  simple  loop.  In  Whitfieldia,  Dav.  (Glass, 
1881),  the  loop  is  extended  further  upwards  than  in  Bifida  bj^  a 
rather  long  single  process,  which  occurs  between  the  simple  loop 
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and  -the  bifurcation.  In  Meristella^  Hall  (Whitfield,  1860),  each  side  of 
the  bifurcation  at  the  end  of  the  simple  loop  curves  round  upon  itself 
80  as  to  form  a  ring.  This  loop,  which  thus  contains  two  rings, 
occurs  also  in  Merista,  In  Athyris,  M*Coy  (Davidson,  1858),  there  is 
a  roof-like  expansion  at  the  end  of  the  simple  loop,  from  the  top  of 
which  two  accessory  lamellsB  curve  upwards  and  backwards  to  the 
inside  of  the  primary  lamellsB,  and  are  continued  downwards  to  the 
centre  of  the  spirals  on  the  dorsal  side.  In  Kayseria,  Da  v.  (Olass, 
1882),  at  the  end  of  the  simple  loop  there  is  a  single  rounded  process, 
and  at  the  end  of  this  process  the  loop  bifurcates  in  an  upward  direo- 
tion,  as  in  Athyris.  The  accessory  lamellsB,  however,  do  not  terminate 
as  in  Athyris,  but  are  continued  between  the  main  coils  to  the  end 
of  the  spirals. 

Thus  there  are  fourteen  forms  of  loop  known,  most  of  which  have 
been  recently  discovered. 

Dr.  W«wgen  describes  the  interior  of  the  genus  Eumetria.  He 
says,  *'  The  primary  lamellse  are  very  strange  in  their  development. 
They  show  broad  wing-like  expansions  at  their  origin,  which  are 
sometimes  very  strongly  developed."  This  "  very  strange  "  develop- 
ment had  been  previously  worked  out  by  me,  and  figured  by 
Davidson  in  1881  as  existing  in  Athyris  plano-sulcata,^  in  which  the 
primary  lamellse  near  their  origin  increase  in  width — the  increased 
width  extending  downwards  nearly  to  the  centre  of  the  spirals  on 
the  doraal  side.  Dr.  Waagen  gives  a  description  of  the  loop  of 
Enmetria,  and  it  seems  to  be  similar  to  the  simple  loop  of  the 
NucleospindcBt  with  the  exception  that  the  loop  conmiences  nearer 
to  the  origin  of  the  primary  lamellss,  and  has  a  downward  direction 
between  the  spirals.  Supposing  this  to  be  correct,  the  loop  of 
Eumetria  forms  an  addition  to  the  number  of  loops  previously 
worked  out. 

Davidson  gives  two  figures  of  the  loop  of  Uncites*  in  his 
Devonian  Supplement,  1882.  From  these  figures  the  loop  would 
seem  to  be  simple  and  transverse  as  in  Spiriferina,  with  the  excep- 
tion that  there  is  a  thickening  at  the  centre  of  the  loop,  which  on 
the  upper  side  amounts  to  a  short  spinous  projection.  The  attach- 
ments to  the  hinge-plate  are  straight,  as  in  the  Spiri/erida, 

With  the  exception  of  the  spirals  in  Thecospira,  and  the  loops  in 
Spiriferina,  Eumetria^  and  TJnciteSy  all  the  particulars  given  above 
have  been  carefully  verified  by  my  own  preparations. 

P.S. — I  have  made  no  reference  in  the  above  article  to  the  eminent 
Pal83ontologists  by  whom  the  respective  genera  were  determined 
and  described.  The  discoveries  of  Mr.  Whitfield  were  described 
by  Prof.  Hall,  of  Albany,  U.S.  My  own  were  described  by  Dr. 
Davidson,  whose  recognition  of  any  assistance  I  may  have  rendered 
him  in  his  great  work  was  always  most  generously  made.  (As  see 
Geol.  Mag.  1881,  loc,  cit.) 

^  Seo  Geol.  Mao.  1881,  Dec.  II.  Vol.  VIIT.  p.  6,  Figs.  2  and  3. 
«  See  Geol.  Mao.  1881,  Dec.  II.  Vol.  Vlll.  p.  153,  Figs.  20  and  21. 
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Vn. — ^NOTM  ON  CaRBOKIFBROUS   SKLiOHII.^ 
By  Dr.  B.  H.  Tkaquaib,  F.B.S.»  F.G.S. 

The  Cladodontida. 

THE  teeth  known  as  Cladodus  (type  C,  mtrahilis,  Ag.)  have  a 
flattened,  transversely  elongated,  sub-elliptical  or  reniform  base, 
the  anterior  margin  being  straighter  than  the  posterior  and  often 
slightly  excavated  in  the  middle.  Anteriorly  the  base  is  thick,  and 
generally  shows  a  groove  separating  the  truly  basal  from  the  coronal 
portion,  while  the  posterior  margin  is  thin  owing  to  the  downward 
and  backward  slope  of  the  upper  surface.  From  this  upper  surface 
anteriorly  spring  a  number  of  cones  or  denticles,  of  which  the  median 
is  the  longest ;  it  is  flanked  by  lateral  denticles,  of  which  an  outer 
one  on  each  side  is  longer  than  those  intermediate.  The  larger 
denticles,  at  least,  are  flattened  antero-posteriorly  and  have  lateral 
cutting  margins. 

There  are  two  exceedingly  well-marked  species  of  common 
occurrence  in  the  British  and  Irish  Carboniferous  Limestone,  namely, 
C.  mtrabilia,  Ag.,  and  C,  striatus^  Ag.  C  marginatus,  Ag.,  I  also 
believe  to  be  a  good  species,  as  well  as  G,  MWeri,  Ag.  On  C  acutus, 
Ag.,  conicu8f  Ag.,  basalts,  Ag.,  Hihherti,  Ag.,  and  parvus,  Ag.,  I  offer 
no  opinion,  not  having  seen  the  types ;  but  as  to  the  new  species  added 
by  Mr.  J.  W.  Davis  in  his  large  work  on  the  fossil  fishes  of  the 
Carboniferous  Limestone  series  of  Great  Britain*  there  is  scarcely 
one  which  will  stand  the  test  of  careful  comparison  with  the  common 
species  described  by  Agassiz.  C,  Hornet^  Dav.,  C.  elongatus,  Dav., 
and  C  curtuSt  Dav.,  are  in  my  opinion  simply  synonyms  of  C.  siriatus^ 
Ag., —  C,  mucronatusy  Dav.,  and  destructor,  Davis,  of  C  mirabilts,  Ag. 
It  is  rather  difficult  to  give  any  opinion  upon  C,  curvus,  Davis. 

In  the  Edinburgh  Museum,  and  in  the  Collection  of  the  Geological 
Survey  of  Scotland,  there  are  a  few  teeth  of  what  is  evidently  a  new 
species  of  Cladodus,  from  the  Lower  Carboniferous  rocks  of  Eskdale 
in  Dumfriesshire,  though  I  refrain  on  the  present  occasion  from  giving 
•  it  a  name.  In  these  teeth  the  surface  of  the  cones  is  perfectly  smooth 
and  glossy,  and  in  the  absence  of  skiations  they  approach  C.  van 
Eomei  and  prenuntius  of  St.  John  and  Worthen.  The  thought  has 
struck  me,  is  it  possible  that  this  undoubted  Cladodus  may  repre- 
sent the  dentition  of  Ctenacanthus  costellatus,  the  unique  specimen 
of  which,  with  the  spines  in  situ,  occurred  in  the  same  beds?  It  will 
be  recollected  that  the  only  tooth  visible  in  the  specimen  of  Ctena- 
canthus costellatns  was  an  imperfect  one,  but  its  one  visible  cusp  was 
smooth.  If  there  is  any  connection  here,  the  specimen  of  Ct.  costeU 
htns  must  have  been  a  young  individual,  as  these  teeth  indicate  a 
fish  of  much  larger  size. 

This  brings  up  once  more  the  question  of  the  correlation  of 
Cladodus  and  Ctenacanthus,  a  question  which  I  must  admit  is  still 
involved    in    great   obscurity.     When    I    wrote   my   description   of 

*  Bead  before  the  Royal  Physical  Society  of  Edinburgh,  18th  January,  1888. 
'  Trans.  Koy.  Dub.  Soc.  1883. 
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Ctenaeanihua  cosieUatms,^  I  was  inclined  to  believe  that  Ctenacanihus 
and  Cladodus  represented  the  spines  and  teeth  of  the  same  genus, 
and  that  the  genus  itself  was  Hybodont. 

Mr.  Garmati,  however,  in  his  paper  on  ChlamydoBelachus  disputes 
that  view,  and  claims  that  remarkable  recent  shark  which  has  only 
one  dorsal  fin  and  no  spines  at  all — a  form  placed  by  Dr.  G anther 
in  the  family  NotidanidsB — to  be  the  modem  representative  of  the 
ancient  Cladodonts.  It  is  perfectly  true  that  the  small  teeth  towards 
the  angles  of  the  mouth  in  ChJamydoselachua  when  seen  from  the 
front  strongly  resemble  those  of  Cladodtu,  yet  this  resemblance  is 
not  very  apparent  in  those  which  cover  the  greater  part  of  the  jaws, 
while  the  l>ases  of  the  teeth  are  to  my  eye  strikingly  dissimilar.  I 
cannot  therefore,  without  further  evidence,  accept  Mr.  Gannan's  very 
confident  assertion  that  Chlamydoselachun  is  a  Cladodont,  leading  as  it 
does  to  the  inference  that  Cladodus  had  no  dorsal  spines.  That  Cladodus 
at  all  events  is  not  quite  so  close  to  Chlamydoselachus  as  Mr.  Garman 
believes  is,  I  think,  fully  shown  by  a  remarkable  specimen  from  the 
Carboniferous  Limestone  of  East  Kilbride,  Lanarkshire,  which  has 
been  lent  to  me  for  description  by  its  possessor,  Mr.  James  Neilson, 
of  Glasgow.*  This  specimen  was  recovered  from  the  quarry  in 
separate  pieces  by  the  late  Mr.  A.  Fatten,  who,  I  understand,  did  not 
feel  sure  that  they  all  belonged  to  the  same  specimen.  However, 
the  fragments  were  pieced  together  by  Mr.  Neilson,  and  after  a  most 
careful  scrutiny  of  the  whole,  I  have  come  to  the  conclusion  that 
the  fragments  do  belong  to  the  same  specimen  and  are  rightly 
arranged.  We  have  first  a  head,  compressed  from  above  downwards, 
whose  jaws  are  crowded  with  truly  cladodont  teeth  of  the  type  of 
C.  mirahilia,  though  apparently  belonging  to  a  hitherto  undescribed 
species.  This  is  followed  by  a  mass  of  crushed  and  inextricably 
confused  cartilages  representing  the  branchial  apparatus,  and 
then  come  two  scapulo-coracoids,  each  with  a  pectoral  fin  attached. 
The  fin  of  the  right  side  is  the  better  preserved,  and  shows  first  a 
number  of  elongated  radial  pieces  whose  bases,  separated  from  the 
rest  by  joints,  are  attached  directly  to  the  shoulder-girdle  and 
evidently  represent  the  propterygium  and  metapterygium  of  ordinary 
Selachii.  Behind  these  is  an  oblong  metapterygium  bearing  radials 
preaxially,  whose  anterior  portion  seems  to  have  absorbed  the  bases 
of  one  or  two  adjacent  radials,  but  whose  posterior  extremity  is  con- 
tinued backwards  as  a  long  narrow  segmented  stem  consisting  of 
nine  rectanji^ular  joints,  and  reminding  one  at  first  sight  of  a  vertebral 
column  1  This  [lart  in  both  fins  is  cut  oflf  by  the  edge  of  the  stone, 
so  that  its  actual  length  and  number  of  segments  are  not  seen.  Some 
small  railials  are  seen  attached  to  the  preaxial  side  of  the  first  two 
segments, — none  on  the  others,  or  on  the  postaxial  side  of  the  stem. 

The  interest  of  this  specimen  is  extreme,  as  it  is  at  least  capable 
of  bearing  the  interpretation  that  we  have  here  a  veritable  uniserial 

*  Geol.  Mao.  Jan.  1884,  pp.  3-8. 

'  As  I  have  promised  to  lay  a  detailed  description  of  this  specimen  before  the 
6eolo<;ical  Society  of  Glasgow,  I  can  only  make  a  few  general  remarks  upon  it  in 
the  present  instance. 
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archipterygium,  intermediate  between  the  truly  biserial  one  of 
XeMieanihu»  and  the  pectoral  fins  of  ordinary  sharks.  If  this  inter- 
pretation is  correct,  then,  along  with  Xenacanthus,  this  specimen  is 
a  witness  against  the  lateral  fold  theory  of  the  paired  fins,  at  present 
80  popular  with  anatomists  and  embryologists.  Into  that  question 
I  shall  enter  on  another  occasion,  meanwhile  so  much  is  clear,  that 
if  we  have  before  us  the  pectoral  fin  of  Cladodus,  and  1  do  not  doubt 
that  we  have,  the  affinity  between  that  genus  and  Chlamydoselachus 
is  not  quite  so  close  as  Mr.  Garman  maintains,  seeing  that  in  his  fish 
the  pectoral  fin  shows  the  ordinary  arrangement  of  basal  pieces, 
though  the  metapterygium  has  two  segments. 

What  then  of  the  Ctenacanthus  theory  ?  No  spine  is  seen  in  con- 
nection with  the  East  Kilbride  Cladodus^  but  as  the  body  is  absent, 
spines  may  have  been  borne  by  the  fish  when  complete.  Again,  in 
the  Eskdale  Ctenacanthus  the  form  and  structure  of  the  pectoral  fin 
are  not  shown,  and  though  I  interpreted  its  one  imperfect  tooth 
as  "Cladodont,"  I  am  willing  to  leave  that  an  open  question.  It 
may  be  hybodont,  and  the  hybodont  form  with  its  vertically  com- 
pressed base  must  not  be  confounded  with  the  cladodont  type  with 
its  base  horizontally  flattened  and  irregularly  elliptical  or  reniform. 
And  in  one  of  the  instances  which  have  been  advanced  to  prove  the 
connection  of  Cladodm  with  Ctenacanthus,  a  mistake  has  certainly 
been  made.  So  far  as  I  have  seen  them,  the  teeth  which  are  found 
associated  with  the  Coal- Measure  Ctenacanthus  hybodoides,  Eg.,  do 
not  belong  to  Cladodus  mirabiliSf  Ag.,  as  has  been  asserted,  but  are 
allied  to  Hybodus  in  their  narrow,  compressed  non-expanded  bases. 
Mr.  J.  W.  Barkas  long  ago  expressed  his  opinion  that  *'  most  of  these 
so-called  Clndodi  are  in  reality  Hybodi**  (M.  Rev.  Dent.  Surgery, 
February,  1874),  though  he  seems  to  think  that  the  great  difference 
between  Cladodus  and  Hybodus  lies  in  the  former  having  the  outer- 
most denticles  larger  than  the  intermediate  ones,  and  consequently 
admits  some  of  these  Coal -measure  specimens  to  the  genus  Cladodm, 

ClemieanthtJLs  hybodoides  has  therefore  nothing  to  do  with  Cladodus, 
and  as  regards  the  other  species,  I  rather  think  that,  if  we  knew  the 
creatures  to  which  they  belonged,  they  would  turn  out  to  repre- 
sent several  types,  possibly  very  different  from  each  other.  But  of 
this  I  have  now  no  doubt,  namely,  that  the  Cladodontidsd,  whether 
they  had  spines  or  not,  or  whatever  the  shape  of  their  spines  if  they 
had  any,  constitute  a  very  different  family  from  the  Hybodon tided — 
while  the  latter  on  the  other  hand  were  closely  allied  to  the  Cestra- 
ciontidae.  For  if  Tristychius  be  a  Hybodont,  we  have  now  some  clue 
to  the  structure  of  an  ancient  representative  of  the  family. 

Tristychius f  Agassi z. 

A  specimen  of  Tristychius,  from  Eskdale,  allied  to,  if  not  identical 
with  Agassiz's  jT.  arcuat\i,Sy  shows  the  greater  part  of  the  body  with 
the  head,  one  pectoral  fin  and  two  dorsal  fins.  Each  of  the  dorsal 
fins  has  a  spine  in  front.  The  pectoral  shows  two  large  basal  pieces 
which  I  interpret  as  mesopterygium  and  metapterygium,  the  proptery- 
gium  being  either  small  or  fused  with  the  mesopterygium  as  in 
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Ceatraeion,  while  there  is  no  trace  of  the  segmented  prolongation  of 
the  metapterygium  which  we  saw  in  the  E.  Kilbride  Cladodun. 

This  interesting  specimen  is  fatal  to  Mr.  T.  Stock's  idea  that  the 
spines  in  this  genus  were  patV<'d,*  as  well  as  to  its  location  among 
the  Chimeeroids  as  maintained  by  Prof.  Basse.'  That  it  is  a  Hybo- 
dont  cannoty  in  my  opinion,  be  doubted. 

OrodontidcB,  De  Eoninok. 

If  the  Mesozoic  genus  Acrodm  be  a  Hybodont, — and  its  spines  are 
generically  indistinguishable  from  those  of  Eyhodus, — it  is  difficult  to 
draw  any  line  between  the  Hybodootidas  and  Orodontidte. 

One  of  the  genera  which  De  Eoninck  and  Mr.  Davis  place  in  this 
family  must,  however  go,  namely,  Lophodus  of  RomanowskL 
Komanowski  separated  from  Agassiz's  Belodua  such  forms  as  didffmu$, 
lavissimuSf  mammillaria,  as  having  one  or  more  prominent  elevations 
on  the  crown,  and  a  well-developed  compressed  and  vertically 
striated  root,  while  he  considered  H.  planus,  which  has  no  such  root 
and  no  special  elevation  on  its  crown,  to  represent  the  old  genus. 
Unfortunately  both  **  Helodus  "  planus  and  **  Lophodus  "  didywus 
belong  to  the  mouth  of  the  same  fish,  and  that  fish  is  Psephodus 
magnusl  Moreover,  as  I  have  once  remarked,  if  the  old  genus 
Hslodus  was  to  be  divided,  surely  the  characters  of  the  type-species, 
J7.  simplex  of  the  Coal-measures,  ought  first  to  be  ascertained  and 
duly  considered.  Now  a  fine  series  of  specimens  of  Helodus  simplex, 
Ag.,  in  the  collection  of  Mr.  John  Ward,  F.G.S.,  Longton,  clearly 
shows  that  the  teeth  in  this  species  have  the  form  of  **  Lophodus,** 
that  the  entire  dentition  consisted  of  teeth  generally  similar  in  shape, 
and  that  the  dorsal  fins  were  armed  with  spines  resembling  those  of 
Pleurodus. 

Whatever  be  the  nature  of  the  teeth  which  Mr.  J.  W.  Davis  retaiDS 
in,  and  adds  to  Helodus,  there  can  be  no  doubt  that  H,  simplex  must 
remain  the  type  of  Agassiz's  genus,  in  which  also  Chomatodus  cinctus, 
Ag.|  ought  to  be  placed,  as  already  indicated  both  by  McCoy  and 
Davis. 

CocMiodoniidcB. 

The  closeness  of  the  alliance  between  the  Cochliodontidae  and 
Orodontidaj  is  shown  by  the  fact  that  the  anterior  teeth  of  Psephodus 
and  Cochliodua  are  generically  indistinguishable  from  those  of  Helodus, 

As  seen  in  Psephodus,  which  is  one  of  the  least  specialized  of  the 
Cochliodontidce,  the  posterior  teeth  lose  their  deep  roots,  become 
flattened,  and  tend  to  fuse  together  into  broad  inrolled  plates.  I 
have  a  specimen  of  the  broad  tooth  plate  of  Psephodus  magnus,  Ag., 
which  by  a  groove  is  divided  longitudinally  into  two  portions,  which 
pretty  closely  represent  not  uncommon  forms  of  Helodus  planus. 
The  grooves  on  Poecilodus,  Deliodus,  etc.,  also  to  my  mind  represent 
the  morphological  origin  of  those  plates  from  the  fusion  of  smaller 

1  Ann.  and  Mag.  Nat.  Hist.  (5),  xii.  1883,  p.  188. 
'  NatiirUches  System  der  Elasmobranchier. 
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and  Darrower  separate  teeth.  Pleurodus  is  a  well-known  form,  in 
which  each  plate  is  evidently  due  to  the  union,  back  to  front,  of  a 
row  of  helodont  teeth  whose  lateral  extremities  still  tend  to  project 
free  on  each  side. 

That  the  Cochliodonts  all  possessed  dorsal  spines  seems  highly 
probable.  Those  of  Pleurodus  have  been  described  by  Hancock 
and  Atthey. 

PeicUodontidcB, 

If  we  take  Ctenopiychtua  aptcalis,  Ag.,  as  the  type  of  its  genus,  I 
must  own  that  I  fail  to  see  any  valid  reason  for  separating  Ctenopetalui 
from  it,  and  even  Petalodua  is  scarcely  entitled  to  distinction. 
Harpaeodus  differs  in  having  only  one  fold  or  plait  at  the  junction 
of  the  crown  and  root,  and  it  is  in  this  genus  that  Mr.  J.  W.  Davis 
proposes  to  include  Ctenopiychtua  pectinatua  of  Agassiz.  But  CtenO' 
ptyehiua  pectinatua  is  not  provided  with  any  "  fold  "  of  enamel  below 
the  crown  comparable  to  those  in  Ci,  apicalia,  or  to  the  single  one  in 
Harpaeodus,  while  its  root  differs  very  considerably  in  shape,  being 
divided  below  into  a  number  of  small  rootlets,  somewhat  after  the 
manner  of  Polyrhizodua,  A  new  genus  is  therefore  necessary  for  it, 
for  which  I  propose  the  name  Callopriatodua, 

Oracanthua, 

Some  time  ago  Mr.  K.  Craig,  of  Langsyde,  Beith,  lent  me  a  small 
spine  from  the  shale  above  the  9-inch  coal  at  Broadstone,  Ayrshire 
(Carboniferous  Limestone  series),  which  is  apparently  undescribed. 
It  is  small,  flattened  and  broadly  triangular,  the  anterior  margin  being 
1  inch  in  length,  the  posterior  If,  the  base  f  inch  in  breadth.  The 
apex  ends  in  a  sharp  spike,  and  just  below  this  on  the  posterior 
margin  are  two  others  directed  backwards.  Externally  the  surface 
is  ornamented  with  distinct  furrows  running  parallel  to  the  anterior 
and  posterior  margins,  consequently  tending  to  radiate  from  the  apex 
towards  the  base,  and  giving  the  surface  a  feebly  ribbed  appearance. 
On  these  ribs  are  small  tubercles,  irregularly  placed  towards  the 
apex,  then  becoming  arranged  in  lines  which  proceed  obliquely,  or 
with  a  slight  sigmoid  curvature,  across  the  surface  from  behind  down« 
wards  and  forwards.  I  have  seen  other  specimens  of  the  same  spine 
from  the  Carboniferous  Limestone  "  Bone-bed  "  at  Abden,  Fifeshire, 
collected  by  Messrs.  W.  Anderson  and  W.  Tait  Kinnear,  which  show 
that  the  walls  were  thin  and  the  spine  consequently  extremely 
hollow.  In  these  specimens  the  external  ribbing  is  also  feeble,  and 
the  tubercles  more  thickly  placed. 

In  their  general  configuration  and  in  the  nature  of  their  surface 
ornament,  the  resembhmce  of  this  spine  to  Oracanthua  is  obvious, 
although  the  posterior  area  is  not  80  sharply  defined,  and  though 
neither  of  the  sides  is  notched  or  sinuated  on  the  lower  margin  as  is, 
Bo  far  as  my  observation  goes,  usually  the  case  in  the  genus  mentioned. 
It  has,  perhaps,  still  thinner  walls  than  in  the  t3^pical  Oracanthi,  and 
might  on  that  account  be  referred  to  St.  John  and  Worthen's  genus 
Fnigeacanthtta  ;  but  the  generic  distinction  of  this  from  Oracanthua  is 
doubtful.     No  Oracanthua  has  hitherto  been  described  with  spikelets 
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at  the  apex,  but  as  the  apices  are  more  or  less  worn,  a  ready  explana- 
tion of  their  absence  is  obtained.  I  therefore  designate  this  spine 
Oracanthua  armtgerus,  with  the  remark  that  if  it  be  not  a  true 
OracanthuSf  it  is  an  excessively  closely  allied  form. 

Mr.  Davis  recognizes  that  the  spines  of  Oracanthug  existed  in  pairs, 
and  are  not  bilaterally  symmetrical,  having  one  side  larger  than  the 
other ;  but  when  he  refers  them  to  the  "  posterior  termination  "  of  the 
body,  hints  at  removing  the  genus  to  the  *'  Placodermio  Ganoids,"  and 
figures  a  whole  series  of  really  undeterminable  fragments  as  bones  of 
the  head  of  this  supposed  Placoderm,  we  can  hardly  follow  him.  I 
have  carefully  gone  over  all  the  specimens  in  the  British  Museum 
which  he  has  figured  as  **  upper  jaw,"  *'  central  bone  of  cranium,"  etc., 
and  can  find  no  evidence  for  such  determinations.  I  have  also 
examined  microscopic  sections  of  Oracauthuaf  and  find  that  they 
consist  of  Selachian  dentine.  And  we  may  also  appeal  to  the 
obvious  resemblance,  which  the  spines  of  Oracanthua  bear  to  the 
thin-walled  triangular  appendages  often  found  associated  with 
Oyracanthtu.  which,  though  not  **  carpal  bones,"  as  Messrs.  Hancock 
and  Atthey  imagined,  are  unquestionably  Selachian  in  their  nature. 

The  writer  of  a  review  of  Mr.  Davis's  work,  which  appeared  in 
the  Qkolooioal  Magazine  for  November,  1883,  does  not  believe 
that  the  Oracanthi  formed  the  posterior  extremity  of  the  body  of  a 
Placodermio  Ganoid,  but  that  '*  it  seems  probable  that  they  may  have 
occupied  a  lateral  position  on  the  head  of  these  old  £lasmobranch 
fishes."  And  if  I  am  right  in  my  determination  of  Oraeauthna 
armigerugf  sufficient  corroboration  of  this  view  has  now  turned  up. 

In  the  Museum  of  Science  and  Art,  Edinburgh,  there  is  a  specimen 
from  the  Eskdale  beds,  showing  the  head  of  a  small  Selachian, 
crushed  vertically,  along  with  part  of  the  body,  the  latter  being, 
however,  bady  preserved.  In  the  head  are  broken  remains  of 
several  large  flattened -convex  tooth-plates,  extremely  Cochliodont 
in  aspect,  but  too  imperfect  for  identification  with  any  known  geniu 
or  species.  But  the  great  point  of  interest  is  that  each  postero- 
lateral angle  of  the  head  projects  in  a  pointed  process  like  the  comer 
of  a  Cephalaapis  buckler,  and  that  process  is — the  spine  which  I  have 
described  as  Oracanthua  armigerua, 

I  think  there  can  be  no  further  doubt  that  the  position  of  the 
Oracanthua  spines  is  on  the  head  of  a  Selachian,  and  not  on  the  tail 
of  a  Placodermio  Ganoid. 

Addendum  to  Cladodonttda, 

I  have  long  been  of  opinion  that  the  teeth  from  Borough  Lee, 
which  I  described  as  Cladodua  bicuspidatua,  and  which  never  show 
more  than  two  cones,  a  large  one  and  one  small  lateral  one,  which  is 
absent  in  some  specimens,  ought  to  be  included  in  a  new  genos 
distinct  from  Cladodua.  I  therefore  pro{X)se  for  this  form  the  name 
IXcentrodua,  and  venture  to  express  an  opinion  that  it  will  turn  out 
to  be  more  allied  to  Diplodua  than  to  Cladodua, 
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W.  P.  Jbbyis  on  Earthquakes. 

IL  CAV.  W.  P.  JERVIS,  F.G.S.,  Keeper  of  the  Royal  Industrial 
Museum  of  Italy,  has  published  his  Lecture  to  the  Philotechnio 
Society,  Turin,  on  the  nature  and  causes  of  Eaiihquakes,  with 
especial  reference  to  that  of  February  last  at  and  near  Mentone. 
This  is  a  careful  study  of  the  earthquake  of  1887  in  North-western 
Italy  and  the  neighbouring  parts  of  France  and  Switzerland,  estab- 
lishing certain  facts  and  advancing  some  possibly  new  hypotheses. 
An  earthquake-area  being  regarded  as  that  in  which  the  shocks  have 
sufficient  force  to  be  sensible  to  man,  this  earthquake  had  no  con- 
nection with  any  volcanic  action,  and  the  movements  were  not 
propagated  to  the  volcanic  region  of  Central  and  Southern  Italy.  An 
outward  external  area,  including  the  parts  where  the  seismic  disturb- 
ance was  manifested  by  very  delicate  instruments  and  magnetized 
bars,  would,  however,  bring  us  nearer  to  the  region  of  extinct 
volcanoes  in  Central  Italy. 

After  a  close  examination  of  the  disturbance  of  springs  and 
fountains,  caused  by  the  sliding  or  derangement  of  strata  close  to 
the  surface,  the  result  arrived  at  was  that  Mont  Mercantour  in  the 
Maritime  Alps,  west  of  the  Col  di  Tenda,  was  the  centre  of  seismic 
action.  That  mountain  and  others  associated  with  it  seem  to  have 
been  the  foci  of  an  elliptical,  but  nearly  circular,  area  of  shocks, 
with  its  greater  axis  of  about  485  kilometres.  The  length  of  the 
axes  of  the  outer  area  of  shocks  perceptible  only  by  seismic  or  other 
instruments  cannot  be  determined,  the  movements  depending  on  the 
nature  of  the  rocks ;  probably  they  were  twice  the  length  of  the 
other  axes.  The  summit  of  the  Maritime  Alps,  from  a  short  distance 
N.W.  of  the  Mercantour  to  the  junction  of  the  Alps  and  Apennines 
above  Savona,  seems  to  have  divided  the  earthquake-area.  That  part 
towards  the  Mediterranean  and  the  bed  of  the  sea  itself  were  subject 
as  well  to  vorticose  as  to  undulatory  and  subsultory  shocks.  The 
lateral  boundaries  were  defined  by  slight  fissures  (from  one  to  two 
or  three  millimetres  wide)  in  the  rocks  or  soil,  in  a  direction 
perpendicular  to  the  Maritime  Alps,  from  near  the  Mercantour  to 
the  vicinity  of  Mentone,  and  from  the  mountains  to  near  Savona. 
The  vorticose  action  was  most  curious,  especially  near  Mentone, 
where  crosses  and  upper  stones  or  statuettes  of  marble  were  turned 
round  30°  or  45°  in  the  Protestant  cemetery.  Elsewhere  only 
undulatory  and  subsultory  shocks  were  apparent.  A  table  of  places 
affected,  duration  of  shocks,  and  geological  nature  of  the  ground  is 
given.  Some  of  the  physiological  eff^ects  before  and  during  the 
earthquake  are  noticed,  also  the  hearing  of  strange  sounds  in  the 
stillness  of  the  night,  as  if  at  a  great  depth  underground. 

The  slow  chauges  of  level  along  the  coast   from  Marseilles  to 
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Genoa, — the  sinking  of  Roman  buildings  below  the  sea-level  at  tbe 
coast-line  near  the  former  mouth  of  the  Rhone, — and  the  fact  of 
stone-boring  Molluscs  being  found  many  metres  above  the  sea-level 
in  other  parts — led  Issel  to  say  that  this  coast-line  is  subject  to 
slow  upheavals  and  depressions;  and  these  Mr.  Jervis  believes  to 
be  due  to  the  district  being  the  area  of  repeated  earthquakes  similar 
to  that  of  last  spring.  But  as  the  earthquakes  seem  to  be  due  to 
the  descent  or  sinking  of  mountain-masses  towards  the  centre  of  the 
globe,  it  would  seem  that  they  could  not  be  repeated  without  the 
gradual  lowering  of  the  mountains.  Mr.  Jervis,  however,  proposes 
the  hypothesis  that  there  is  an  extra-mundane  cause  of  upheaval  of 
certain  mountain-groups.  Referring  toFlammarion  as  being  probably 
correct  on  the  whole,  though  very  poetic  and  too  much  of  a  scenic 
artist  to  follow  details  patiently,  Mr.  Jervis  proceeds  with  the  idea 
that  the  sun  and  moon,  in  certain  positions,  may  be  able  to  attract 
a  given  mountain-mass  very  gradually,  and  to  an  exceedingly 
small  extent — such  process  being  repeated  again  and  again,  each 
time  causing  a  still  further  elevation  of  insensible  height.  In  time, 
unstable  equilibrium  having  been  produced  (especially  at  given 
moments  following  the  transient  recurrences  of  celestial  attraction), 
terrestrial  gravitation  interferes,  and  the  upheaved  masses  settle 
down,  in  some  instances  with  rupture  of  the  strata.  Thus  there  are 
two  phases  of  the  disturbance; — first,  a  gentle  and  imperceptible 
upheaval,  so  gradual  as  to  be  unappreciable  by  our  senses,  and 
never  yet  established,  except  on  a  coast-line  where  the  sea-level 
gives  a  fixed  point  of  comparison.  This  might,  however,  be  as  fully 
proved  inland,  were  the  heights  of  fixed  objects  on  mountains  (sudi 
as  the  suminit  of  a  building,  a  signal  stone,  etc.)  determined  with 
mathematical  precision,  instead  of  the  ever- varying  mountain-top  (ai 
Mont  Blanc)  being  taken,  which  may  be  worn  down  one  to  twenty 
feet  in  a  century  by  frost  and  rain,  and  possibly  be  again  upheaved 
from  time  to  time  so  as  to  restore  the  geographical  relief. 

The  earthquake,  as  it  is  called,  would  then  be  the  phenomena 
caused  by  the  influence  of  terrestrial  gravitation, — the  fall  by  which 
stable  equilibrium  is  secured.  In  the  author's  opinion  the  elevatory 
process  f)y  far  exceeds  that  of  depression,  allowing  full  play  for  the 
ever-active  erosion,  by  which  the  Alps,  for  instance,  may  have  been 
worn  down  even  hundreds  of  feet  in  historic  times.  Are  not  earth- 
quakes, then,  absolutely  necessary  for  restoring  in  some  parts  of  the 
gh)be  the  equilibrium  of  certain  forces  and  agents,  as  electricity? 
Do  they  not  help  to  maintain  the  balance  between  the  heights  of 
mountains  and  the  depths  of  seas  ? 

The  defective  method  of  buildings,  especially  with  vaults,  allow 
of  much  of  the  disasters  in  earthquake-arens,  and  the  author  points 
out  some  practical  technical  precautions  and  the  building-materials 
most  fit  for  use  in  these  places. 
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Lis  Ano^tbss  db  nos  Animaux  *  dans   lbs  Temps  GtoLOoiQUBS. 
By  Albbbt  Gaudbt.     12mo.     (Paris,  1888.) 

TN  this  fascinating  little  volume  of  296  pages,  illustrated  by  a 
frontispiece  and  48  woodcuts,  of  which  several  occupy  an  entire 
page,  and  are  printed  as  plates,  we  are  glad  to  welcome  another 
of  Prof.  Gaudry's  valuable  and  interesting  contributions  to  the 
history  of  Fossil  Mammalia. 

The  first  chapter  is  a  brief  resume  of  some  of  the  more  important 
steps  in  the  progress  of  Palasontology,  with  a  list  of  names  of  many 
famous  workers  in  various  branches.  In  the  second  we  have  an 
interesting  discussion  on  the  importance  of  the  degree  of  evolu- 
tion of  the  contained  fossil  Vertebrates  in  regard  to  the  determi- 
nation of  the  age  of  strata  in  different  parts  of  the  globe;  in 
which  is  given  a  valuable  table  of  the  date  of  appearance  of  some 
of  the  more  important  groups  of  Vertebrates.  Great  weight  is 
here  attached  by  the  author  to  the  degree  of  specialization  of  the 
various  genera  of  Selenodont  Artiodactylia,  as  indicative  of  the 
relative  age  of  the  beds  in  which  they  occur :  and  illustrations  of  the 
doctrine  of  migration  and  colonization  are  given  from  the  Mesozoic 
Mollusca.  With  the  third  chapter  we  enter  on  the  proper  subject  of 
the  volume — or  the  evolution  of  the  Tertiary  Mammalia  ;  and  here 
we  find  a  large  number  of  excellent  illustrations  of  the  chief  types 
of  dental  and  pedal  structure,  reproduced  from  the  author's  larger 
work  on  the  same  subject  This  subject  in  the  two  succeeding 
chapters  is  further  specially  illustrated  by  the  history  of  the  fossil 
Mammals  of  Pikermi  in  Attica,  and  of  Mont  Leberon  in  Vauoluse, 
which  have  been  rendered  classic  by  the  author's  earlier  monographs ; 
and  some  very  interesting  suggestions  are  made  as  to  the  influence 
which  the  fossil  bones  of  the  former  area  may  have  exerted  on  the 
mythologies  and  metamorphoses  of  the  Greek  and  Koman  classio 
writers. 

The  last  two  chapters  are  devoted  more  especially  to  the  Palaeon- 
tology of  the  Paris  Museum ;  the  seventh  containing  a  review  of 
the  works  of  the  author's  predecessors  in  the  chair  of  Palaeontology. 
Excellent  figures  are  given  in  the  eighth  chapter  of  some  of  the 
more  important  skeletons  of  Mammals  which  adorn  the  Mammalian 
Gallery,  among  which  we  may  especially  notice  Mastodon  nngustidens, 
Glyptodon  typuSf  Pal  aether  ium  magnum^  and  Scelidotherium  lepto» 
cephalum. 

We  may  conclude  our  brief  notice  of  this  volume,  which  we  can 
heartily  commend  to  all  our  readers —whether  they  be  palaeontolo- 
gists or  not — by  some  extracts  from  the  end  of  the  sixth  chapter 
which  are  well  worth  the  attention  of  those  who  are  flooding  our 
literature  with  the  names  of  legions  of  so-called  new  species  and 
genera. 

M.  Gaudry  observes,  "  We  must  acknowledge  that  although  the  old 
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system  of  making  a  special  name  for  the  slightest  yariation  is  conveni- 
ent, yet  in  distinguishing  varieties  from  species  palaeontologists  are 
exposed  to  many  errors.  In  the  living  world,  when  the  descendants 
from  a  single  type  present  differences,  which  do  not  prevent  the  pro- 
duction of  fertile  offspring  with  the  parent  form,  they  are  considered 
merely  as  varieties  of  the  same  species ;  but  when  these  differences 
are  such  as  to  prevent  the  production  of  fertile  offspring,  they  are 
regarded  as  indicating  a  different  species.  In  palaeontology  not  only 
are  we  unable  to  avail  ourselves  of  this  criterion,  but  it  is  difficult  to 
guide  ourselves  by  the  analogies  offered  by  existing  animals,  since 
there  is  an  extreme  inequality  in  the  external  characters  separating 
varieties  and  species ;  as,  for  example,  the  varieties  of  the  Dog 
differ  more  from  one  another  than  does  the  Ass  from  the  Horse. 

"  This  shows  that  we  can  only  approximate  among  fossil  forms  to 
the  degree  of  difference  indicating  a  variety  or  a  species.  But,  in 
order  to  come  as  near  as  possible  to  the  truth,  we  should  adopt  the 
following  plan  : — viz.  that  when  the  differences  separating  fossil 
animals  are  of  no  importance  from  an  evolutionary  point  of  view,  we 
may  be  permitted  to  regard  such  animals  as  mere  varieties  of  a 
single  species ;  that  is  to  say,  that  they  were  all  probably  capable  of 
producing  fertile  offspring  among  themselves." 

Numerous  examples  are  then  cited  of  differences  which  may  he 
regarded  respectively  as  varietal  and  specific ;  the  different  propor- 
tions of  the  limb-bones  of  the  Pikermi  Hipparions  being  given  as 
an  instance  of  the  former,  while  the  three  digits  of  the  European 
H.  gracile  as  contrasted  with  the  single  one  of  the  Indian  H,  aivaUntU 
are  instanced  as  good  specific  characters. 

In  conclusion  it  is  observed,  '*  That  whatever  may  be  the  difficulty 
in  marking  the  distinction  between  fossil  species  and  Varieties,  I 
consider  this  distinction  as  worthy  the  attention  of  naturalists. 
I1ie  history  of  past  forms  reveals,  indeed,  a  succession  of  unde- 
finable  differences  (ntianc^s  indefiuies),  which  the  Divine  Wisdom 
can  coordinate,  but  to  desire  to  mark  each  of  which  by  a  special 
name  is  to  only  prepare  lists  without  end,  in  which  human  weak- 
ness must  lose  itself  I  " 

We  cordially  agree  with  these  concluding  remarks,  and  have  no 
doubt  that  the  author  would  extend  them  to  embrace  genera  and  the 
larger  groups.  The  time  has,  indeed,  come  when  we  ought  to 
accentuate  the  resemblances  rather  than  the  differences  which  we 
find  among  allied  fossil  forms ;  and  to  recognize  that  both  in  the 
case  of  specific  and  generic  names  it  is  advisable  to  use  them  in  a 
much  wider  and  less  defined  sense  than  we  are  accustomed  to  do 
when  our  study  is  restricted  to  the  comparatively  small  fauna  of  the 
present  day.  H.  Lk 

II. — Dkn  nord-norske  fjkldbygnino.  ^  Ap  Earl  Pettebseit. 
Soparataftryk  af  Tromsoe  Museums  Arshefter  X.  Tromsoe, 
1887.     8vo.  pp.  174,  taf.  i— iii. 

THE  author  has  been  engaged  since  1865  in  working  out  the 
geological  structure  of  the  mountain  district  of  North,  Norway, 
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and  he  now  proposes  to  give  in  a  oonnected  form  the  results  of  bis 
researches.  This  first  part  treats  more  particularly  of  the  oldest 
series  of  the  Archsean  rocks,  which  is  developed  throughout  the 
island  bordering  the  coast,  from  Lofoten  to  the  North  Cape,  and  on 
the  deeply  indented  coast-line  of  the  mainland,  and  again  makes 
its  appearance  in  the  interior  of  the  country  near  the  border-line 
between  Norway  and  Finnish  and  Swedish  Lapland.  The  rocks  of 
the  littoral  or  western  series  are  named  by  the  author  gneiss-graniie, 
whilst  those  of  the  Eastern  are  termed  the  inland  granite.  Between 
these  series,  which  have  a  generally  south-west  to  north-east  direc- 
tion, there  is  a  belt  of  newer  crystalline  schists  about  100  kilometres 
(62  miles)  in  width,  which  the  author  believes  to  be  deposited  in 
a  basin-shaped  depression  of  the  older  rocks. 

The  gneiss-granite  series  consists  of  beds  of  gneiss  intermingled 
with  granite,  but  the  granite  presents  no  evidence  of  having  been 
subsecjuently  intruded  into  the  gniess;  it  is  of  the  same  character 
as  the  gneiss,  and  there  is  a  gradual  transition  from  the  one  into  the 
other.  There  are  also  frequent  beds  of  pure  quartz  interdeposited 
in  the  gneiss-granite  series.  The  author  believes  that  all  these 
rocks  are  of  sedimentary  origin,  and  that  the  materials  of  the  gneiss 
have  been  derived  from  older  granitoid  rocks,  which  could  not  have 
been  situated  in  the  Scandinavian  Peninsula  or  to  the  east  of  it, 
but  probably  existed  in  the  area  now  occupied  by  the  North  Atlantic 
Ocean.  From  this  supposed  ancient  continent  the  author  believes 
that  the  Lauren tian  gneiss  of  North  America  was  also  derived,  as 
well  as  those  newer  crystalline  schists  which  fill  up  the  basin  formed 
by  the  gneiss-granite  series  in  the  Scandinavian  Peninsula.  These 
schists  reach  a  thickness  of  1000  metres,  they  are  quite  unfossiliferous, 
but  they  are  believed  to  belong  to  the  Cambrian  or  lowest  Silurian 
epoch. 

The  author  gives  an  orographical  review  of  the  region  and  detailed 
descriptions  of  the  geological  structure  of  the  different  islands,  as 
well  as  vertical  sections  in  the  accompanying  plates.  G.  J.  H. 
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L— December  21,  1887.— Prof.  J.  W.  Judd,  F.R.S.,  President,  in 
the  Chair. 

The  President  announced  that  the  Fourth  Meeting  of  the  Inter- 
national Geological  Congress  will  be  held  in  London  in  September 
next  on  the  17th  and  following  days.  An  Organizing  Committee 
has  nominated  the  following  Officers : — Honorary  President,  Prof.  T. 
H.  Huxley,  D.C.L.,  LL.D.,  F.K.S.  President,  Prof.  J.  Prestwich, 
M.A.,  F.K.S.  Vice- Presidents f  the  President  of  the  Geological 
Society,  the  Director-General  of  the  Geological  Survey,  and  Prof. 
T.  M^Kenny  Hughes,  M.A.  Treasurer,  F.  W.  Kndler.  General 
Secretaries,  J.  W.  Hulke,  F  R.S.,  and  W.  Topley.  Steps  are  being 
taken  to  enlist  the  cooperation  of  all  persons  interested  in  Geolo^ 
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and  the  allied  branches  of  soienoe.  Partioulars  will  be  immediately 
announced  by  the  Committee. 

Fellows  of  the  Society  are  invited  to  join  the  Congress  and  to 
assist  in  making  the  Meeting  a  success. 

The  following  communications  were  read  : — 

1.  *'  On  the  Correlation  of  some  of  the  Eocene  Strata  in  the  Ter- 
tiary Basins  of  England,  Belgium,  and  the  North  of  France."  By 
Prof.  Jo«eph  Prestwich,  M.A.,  F.R.S.,  F.G.S. 

Although  the  relations  of  the  several  series  have  been  for  the  most 
part  established,  there  are  still  differences  of  opinion  as  to  the  exact 
relation  of  the  Sable  de  Bracheuz  and  of  the  Soissonnais  to  the 
English  series;  of  the  Old  haven  Beds  to  the  Woolwich  series;  and 
of  the  Lond(m  Clay  and  Lower  and  Upper  Bagshots  to  equivalent 
strata  in  the  Paris  basin.  The  author  referred  to  the  nsual  olassifi- 
cation  of  the  Eocene  Series,  and  proceeded  to  deal  with  each  group 
in  ascending  order. 

The  Caieaire  de  Mons  is  not  represented  in  England,  but  may  be 
in  France  by  the  Strontianiferous  marls  of  Meudon.  It  contains  a 
rich  molluscan  fauna,  including  300  species  of  Grasteropods,  many  of 
which  are  peculiar,  but  all  the  genera  are  Tertiary  forms,  llie 
Ueernan  are  beds  of  local  occurrence,  and  the  author  sees  no  good 
reason  for  separating  them  from  the  Lower  Landenian  or  Tlianet 
Sands,  He  gave  reasons  for  excluding  the  Sanda  of  Bracheux  from 
this  group.  Out  of  28  Pegwell-bay  species,  10  are  common  to  the 
Lower  Landenian,  and  5  to  the  Bracheux  Sands,  which  present  a 
marked  analogy  with  the  Woolwich  Series,  lliese  Sands  of  Bracheux 
are  replaced  in  the  neighbourhood  of  Paris  by  red  and  mottled  claya 
Out  of  45  species  at  Beauvais  only  6  are  common  to  the  Thanet 
Sands  and  10  to  the  Woolwich  Series.  Out  of  75  species  in  the 
Woolwich  and  Reading  Beds  19  occur  in  the  Bracheux  Beds,  if  we 
add  to  these  latter  the  Sands  of  Chalons-sur-Vesles. 

Respecting  the  Basement  Bed  of  the  London  Clay  {Oldhaven  Bedi 
in  part),  the  author  would  exclude  the  Sundridge  and  Charlton  fossils, 
which  should  be  placed  on  a  level  with  the  Upper  Marine  Beds  of 
Woolwich.  He  allowed  that  the  former  were  deposited  on  an  eroded 
surface,  but  this  involves  no  real  unconformity,  whilst  the  palsBonto- 
logical  evidence  is  in  favour  of  this  view,  since  out  of  57  species  in 
the  Sundridge  and  associated  beds,  only  16  are  common  to  the  London 
Clay.  He  therefore  objected  to  the  quadruple  division.  Either  the 
Oldhaven  should  go  with  the  Woolwich  or  with  the  Basement  Bed. 
He  admitted  that  the  term  **  Basement  Bed  "  is  objectionable,  and 
preferred  Mr.  Whitaker's  term  for  the  series,  as  he  would  limit  it 

The  Lower  Bagshot  Sands. — The  author  would  call  "  London 
Sands,"  whose  Belfj;ian  eqiiivalent  is  the  Upper  Ypresian,  and  the 
French  the  Sands  of  Cuise-la-Motte,  forming  the  uppermost  series  of 
the  Lower  Eocene.  A  group  of  fossils  has  been  discovered  in  the 
Upper  Ypresian  sands  of  Belgium,  which  leaves  no  doubt  of  their 
being  of  Lower  Eocene  age,  and  consequently  the  Lower  Bagshots 
must  be  placed  upon  the  same  horizon.  There  is  no  separating  line 
of  erosion  between  the  London  Clay  and  the  Lower  Bagshots,  th« 
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upper  part  of  the  former  is  sandy,  and  the  lower  part  of  the  latter 
frequently  arg;il]aoeous.  Similarly  no  definite  line  can  be  drawn 
between  the  Upper  and  Lower  Ypresian  ;  but  in  both  countries  this 
series  is  separated  from  overlying  beds  by  a  well-marked  line  of 
erosion.  So  also  in  France  the  base  of  the  Calcaire  Qroasier 
(Bracklesham  Beds)  is  a  pebbly  greensand  resting  on  an  eroded 
surface  of  the  Sands  of  the  Cuise-de-la-Motte.  In  Belgium,  in 
WliitecUff  Bay,  and  in  the  Bagshot  district  the  Upper  Eocene  rests 
upon  an  eroded  surface  of  the  Lower  £ocene.  Subjoined  is  the 
author's  proposed  classification  of  the  Eocene  : — 


I 

p 

• 

pa 

England. 

Bbloium. 

FuANCB  (Paris  Basin). 

a.  Barton  Beds. 

a.  Wemmelian. 

a.  Sables  Moyens  or  Gr^ 
de  Beaachamp. 

h,  Bracklesham  Beds. 

=  Upper  and 
^*.  Middle  Bagshots. 

Lakenian 

and 
Bruxellian. 

h.  Upper  Calcaire  Grossier 
i*.  Glauconie  Grossi^re. 

Wanting. 
London  Sands  = 
J         I^wer  Bagshot. 

London  Clay. 

Basement  or  Oldhaven 
Beds. 

Woolwich  and  Bead- 
ing Beds. 

Thanet  Sands 

Wanting, 

Paniselian 

Upper  Ypresian. 
Lower  Ypresian. 

P 

i  Upper  Landenian. 

J 
{ Lower  Landenian 
\     and  Hecrsian. 

Calcaire  de  Mons. 

>  Sands  of  Cuise-la-Motte. 

Wanting. 

/'Sables  Inf^rieurs  of  the 

1    Soissonnais,      including 

-!    the  Marls  and  Sands  of 

Killy,  the  '  Lignites'  and 

V  Sands  of  Bracneux. 

Sands  of  St.  Omer,  Donai, 

and  La  F^re. 

Strontianifcrous  Marl    of 
Meudon  ? 

2.  "  On  the  Cambrian  and  Associated  Eocks  in  North-west  Caer- 
narvonshire."    By  Prof.  J.  F.  Blake,  M.A.,  F.G.S. 

After  referring  to  the  published  views  of  Professor  Sedgwick,  Sir 
A.  C.  Ramsay,  and  the  Geological  Survey,  Professors  Hughes  and 
Bonney  and  J3r.  Hicks  concerning  the  area  in  question  and  especially 
as  to  the  presence  or  absence  of  Precambrian  rocks,  the  author 
gave  an  account  of  his  own  explorations  and  their  results,  the 
principal  of  which  were  the  following. 

In  the  Bangor  and  Caernarvon  area  three  distinct  conglomerates 
had  been  confounded.  The  only  one  that  showed  distinct  uncon- 
fonnity  on  the  underlying  rock  was  of  Arenig  (Ordovician)  age. 
The  rocks  of  the  southern  and  central  portion  of  the  area  were 
essentially  of  igneous  origin  and  might  be  distinguished  into  two 
groups,  the  southern  probably  intrusive,  the  northern  certainly 
eruptive.  There  is  no  evidence  to  show  what  interval  of  time  elapsed 
between  the  production  of  these  two  groups,  nor  which  of  them  is 
the  earlier,  although  the  author  regards  it  as  more  probable  that 
the  southern  mass  is  of  the  earlier  date  and  overlain  by  the  northern 
portions.     The  Bangor  beds  are  derived  from  the  denudation  of  the 
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Tolcanio  series,  and  of  rocks  which  may  have  been  associated  with 
it,  and  they  contain  a  series  of  conformable  conglomerates  of  which 
the  great  conglomerates  near  Bangor  are  members,  lliey  are  the 
continuation  of  the  Cambrian  rocks  seen  to  the  east,  and  have  not 
undergone  any  serious  alteration.  The  porphyries  of  Llyn  Padam 
and  Moel  Tryfaen  are  contemporaneous  lava-6ows  in  the  midst  of 
the  Cambrian  series,  the  overlying  conglomerates  being  derived 
from  them  and  from  the  sedimentary  Cambrian  rocks  to  the  west; 
and  hence  there  is  no  certain  proof  of  there  being  any  Precambrian 
rocks  in  the  whole  district,  though  it  is  probable  that  the  rook  near 
Caernarvon  belongs  to  an  epoch  distinct  from  and  anterior  to  the 
Cambrian. 


IT.— January  11.  1888.— Prof.  J.  W.  Judd,  F.R.S.,  President,  in 
the  chair. — The  following  communications  were  read  : — 

1.  "On  the  Law  that  governs  the  Action  of  Flowing  Streams.'* 
By  R.  D.  Oldham,  Esq.,  F.G.S. 

The  author,  after  describing  how  his  attention  was  drawn  to  the 
subject,  proceeded  to  an  investigation  of  the  law  that  governs  the 
action  of  a  flowing  stream.  Having  accepted  as  a  fundamental 
principle  that  the  velocity  of  a  stream  will  always  tend  to  become 
such  as  is  just  sufficient  to  transport  the  solid  burden  cast  on  to  the 
stream,  and  pointed  out  that  the  principle  is  almost  axiomatic  in  its 
nature,  he  finds  that,  where  untrammelled  by  exterior  conditions,  a 
stream  will  be  alternately  confined  to  a  single,  well-defined,  deep 
channel,  and  spread  out  into  a  number  of  ill-defined,  shallow 
channels,  the  former  being  defined  as  a  "  reach,'*  the  latter  as  a 
"fan,"  that  the  gradient  in  the  "reach"  is  less  than  in  the  "fan," 
and  that  both  "  reach  "  and  "  fan  "  will  continually  be  encroaching 
at  their  upper  ends,  and  being  encroached  upon  at  their  lower  ends. 

After  detailing  some  general  considerations  which  show  that 
what  should  occur  according  to  hypothesis  does  actually  occur  in 
nature,  he  indicated  that  the  accurate  and  detailed  levels  taken  in 
connexion  with  the  Ganges  Canal  do  actually  show  this  altematiOD 
of  *' reach  "  and  "fan,"  that  the  gradients  are  higher  in  the  latter, 
as  they  should  be,  and  that  the  records  of  the  Canal  show  the  retro- 
gression of  "  fan  "  and  "  reach  "  demanded  by  the  hypothesis. 

Accepting  this  agreement  of  fact  with  hypothesis  as  proof  of  the 
correctness  of  the  latter,  it  follows  that  the  fundamental  principle 
on  which  it  is  founded  is  correct,  and  that,  in  the  absence  of  inter- 
fering causes  of  greater  potency,  it  is  the  coarseness  or  fineness  of 
the  debris  cast  upon  a  stream  that  will  determine  its  gradient  and 
velocity,  and  not,  as  stated  in  text-books,  the  velocity  of  a  stream 
that  will  determine  its  gradient  and  the  coarseness  of  the  debris 
transported  by  it : — a  conclusion  that  might  be  arrived  at  inde- 
pendently, from  the  fact  that  it  is  in  the  upper  reaches  of  a  stream, 
where  coarse  debris  prevails,  that  high  velocities  of  current  prevail, 
while  in  the  lower  reaches,  where  the  debris  is  finer  in  grain,  the 
velocity  of  current  is  also  diminished. 

2.  "  Supplementary  Notes  on  the  Stratigraphy  of  the  Bagshot 
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Beds  of  the  London  Basin."  By  the  Rev.  A.  Irving,  B.Sa»  B.A.y 
F.G.S. 

This  paper  contained  the  results  of  field-work  during  the  year  1887. 
Additional  notes  on  the  stratigraphy  of  the  Bracknell  and  Ascot 
Hills  were  given,  justifying  the  reading  of  the  country  as  shown  in 
figs.  1  and  2  of  the  author's  last  paper  (Q.J.G.S.  August,  1887), 
the  examination  of  this  line  of  country  having  been  extended  as  far 
as  Englefield  Green.  Sections  of  the  beds  of  the  Middle  Group  as 
they  crop  out  at  CsBsar's  Camp,  Swinley  Park,  Ascot,  and  Sunning- 
dale,  were  described  and  correlated  with  the  76  feet  of  beds  which 
constitute  that  group  in  the  Well-sections  at  Wellington  College. 

The  stratigraphy  of  the  hills  known  as  Finchampstead  Kidges  has 
been  worked  out  from  numerous  sections  on  their  flanks ;  and  the 
strata  of  the  Bearwood  Hills  were  correlated  directly  with  them. 

All  along  the  northern  margin  a  general  attenuation  of  (a)  the 
Lower  (fluviatile)  Sauds,  and  of  (6)  the  Middle  (green  earthy)  Sands 
was  shown  to  occur,  and  in  some  places  on  the  northern  margin  they 
are  found  to  have  entirely  thinned  away,  admitting  of  distinct 
overlap  at  more  than  one  horizon. 

The  second  part  of  the  paper  dealt  with  the  Highclere  district, 
where  the  author  believes  he  has  established  the  full  succession  of 
the  three  stages  of  the  Bngshot  formation,  a  section  being  given 
across  the  valley  south  of  Highclere  Station,  showing  the  succession 
of  the  whole  Eocene  series  (with  the  Ostrea  bellovacina-hed  for  its 
base)  as  it  is  developed  there. 

Some  important  conclusions  were  drawn  as  to  the  Tertiary  physio- 
graphy of  the  South  of  England ;  and  the  revised  tabulation  of  the 
Tertiaries  put  forward  by  Prof.  Prestwich  at  the  Society's  last 
meeting  was  referred  to  as  supporting  some  of  the  main  points  for 
which  the  author  has  contended. 

3.  "  The  Red-Iiock  Series  of  the  Devon  Coast  Section."  By  the 
Rev.  A.  Irving,  B.Sc,  B.A.,  F.G.S. 

From  a  recent  examination  of  this  section,  and  from  the  facts 
furnished  by  Mr.  Ussher's  paper  (Q.J.G.S.  vol.  xxxii.  pp.  367  et 
ieq.),  the  author  has  arrived  at  the  conclusion  that  the  series  of  red 
rocks  between  the  Lias  to  the  east  of  Seaton  and  the  Carboniferous 
of  Devon,  formerly  described  under  the  title  of  "  New  Red  Sand- 
stone," cover  the  period  of  geologic  time  which  that  term  signified, 
and  that  the  lower  members  of  the  series  belong,  not  to  the  Trias, 
but  to  the  Permian  or  Post-Carboniferous. 

He  considered  that  at  the  base  of  the  Budleigh-Salterton  pebble- 
bed  there  is  a  physical  break  of  as  much  significjince  as  that  between 
the  Trias  and  the  Permian  of  the  Midlands.  From  this  point  east- 
wards the  Triassic  system  is  represented  by  a  series  of  rocks  quite 
comparable  with  the  Bunter  and  Keuper  of  the  Midlands,  the  Buuter 
being  here  represented  by  the  Middle  Division  (about  200  feet  thick) 
and  the  Upper  Division  of  Prof.  Hull. 

These  pass  under  the  basement  sandstone-series  of  the  Keuper 
below  High  Peak  and  Peak  Hills,  are  brought  up  again  by  faulting 
at  Sidmouth,  and  dip  beneath  the  Keuper  again  east  of  the  Sid, 
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from  which  point  eastwards  the  whole  Keoper  Divisioii  is  ezposecl, 
with  quite  a  Dormal  facies,  as  seen  in  the  Midlands,  in  Central 
Germany  (Thiiringen,  Jena),  and  in  the  Neckar  Valley. 

In  the  marls  which  underlie  the  Badleigh-Salterton  Pebble-hed» 
he  recognized  the  equivalents  of  the  Permian  Marls  of  Warwick- 
shire and  Nottinghamshire,  and  of  the  Zechstein  Marls  of  Germany. 
These  pass,  by  a  gradual  transition,  through  Sandstones,  becoming 
more  and  more  brecciated,  into  the  great  brecciated  series  of  Dawlish 
and  Teignmouth,  which  were  r^arded  as  the  equivalents  of  the 
great  Permian  breccias  of  the  west  of  England,  of  Ireland,  and  of 
the  Lower  Bothliegendes  of  Grermauy. 

All  the  rocks  below  the  Budleigh-Salterton  Pebble-bed  were 
regarded  as  the  assorted  materials  furnished  by  the  detritus  of  the 
Palaeozoic  mountain-region  of  Devon,  Cornwall,  and  Brittany,  and  as 
representing  the  waste  and  degradation  of  that  region,  deposited  on 
the  mountain-flanks  and  in  land-locked  bays  during  Post-Carboni- 
ferous times,  the  marls  being  compared  with  the  Nyirok  of  the 
Austrian  geologists. 


ERRATIC  BOULDERS. 

Sir, — Your  notice  of  Prof.  Hull's  paper  on  "  Boulder  Stones," 
read  before  the  British  Association  last  year,  recalls  my  attention  to 
an  interesting  example  of  a  boulder  I  came  across  during  a  geological 
excursion  in  the  Grantham  district  (Sheet  73)  some  four  or  five  yeai'S 
ago,  which  I  believe  exceeds  the  dimensions  of  the  largest  given  by 
Prof.  Hull.  I  had  stayed  the  night  at  the  village  of  Marston, 
about  five  or  six  miles  west  of  Ancaster,  and  was  making  my  way  in 
the  early  morning  towards  the  quairies  of  our  noted  Lincolnshire 
freestone,  situate  at  the  latter  village,  when  I  noticed  a  rough  accom- 
modation road  metalled  with  Liticolnshire  Oolite.  This  struck  me 
as  rather  strange,  there  being  several  quarries  in  the  Marlstone  much 
nearer  at  hand.  I  followed  it  up,  and  ultimately  found  the  quarry 
from  which  the  stone  was  obtained,  a  quarry  in  Lilncolnshire  Oolite  1 
at  least  five  miles  further  west  than  one  would  expect  to  find  such  a 
thing.  The  quarry,  on  examination,  proved  to  be  excavated  in  a 
huge  boulder  stranded  on  a  hill  of  Middle  Lias  clay  capped  by  Marl- 
stone.  Tlie  boulder  was  almost  covered  by  a  very  tough  chocolate- 
coloured  Boulder-clay,  containing  Lias  fossils,  and  grashcd  over.  A 
roadway  was  cut  into  it  for  a  distance  of  twelve  or  fifteen  yards 
(writin|r  from  memory).  The  definite  outline  of  boulder  was 
obscured  in  all  directions  except  the  entrance  to  the  quarry,  where 
the  workmen  had  cut  down  to  the  Lias  below,  the  lines  of  bedding 
dipped  about  20  per  cent.  N.W.  This  stone  had  probably  travelled 
from  the  neighbourhood  of  Ancaster,  five  miles  east,  where  the  line 
of  clifif  (escarpment  of  the  Oolites)  is  cut  back  and  forms  a  sort  of 
gorge  ;  this  is  the  nearest  point  it  could  possibly  have  come  from. 

W.  D.  Cabb. 
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I. — On  Some  Scandinavian  Phtllooabida« 
By  Prof.  T.  Rupert  Jones,  F.R.S.,  and  Dr.  Henbt  Woodwabd,  F.R.S. 

(PLATE  V.) 

SOME  Phyllocarida  from  the  Silarian  strata  of  Scandinavia 
(Sweden  and  the  Island  of  (Gothland)  are  represented  by  speci- 
mens in  the  State  Museum  at  Stockholm.  Drawings,  casts,  or  the 
specimens  themselves  have  been  shown  to  us  by  our  friend  Professor 
Gustav  Lindstrom,  F.C.G.S.,  and  we  have  arrived  at  the  following 
conolnsions  as  to  their  (relationships. — See  the  '*  Fifth  Report  on  the 
Fossil  Phyllopoda  of  the  Palseozoic  Rocks,"  read  at  the  Manchester 
Meeting  of  the  British  Association  for  the  Advancement  of  Science^ 
September  3,  1887  (printed  and  issued  at  the  same  date),  pp.  1-3. 

L  Ceratiocabis. 

Monograph  of  the  British  Palaeozoic  Phyllocarida,  Pal.  Soc.,  by  T.  R.  J.  &  H.  W^ 

1888,  pp.  9-13. 

1.  Cbbatiooaris  Angelini,  T.  R.  J.  &  H.  W.    Plate  V.  Fig.  1. 

Fifth  Report,  etc.,  1887,  p.  1. 

This  unique  specimen  is  a  long,  stout,  trifid  caudal  appendage, 
consisting  of  the  style  or  telson  (145  mm.  long,  and  17  mm.  broad 
at  the  top)  and  two  stylets  (each  75  mm.  long)  lying  close  together. 
One  of  the  latter  and  the  style  have  been  broken  across  by  a  crush, 
and  the  style  is  not  quite  perfect  at  the  tip  (possibly  15  mm.  longer 
originally).  The  lower  (ventral)  surface  only  is  shown.  The 
articulation  of  the  stylets  with  and  beneath  the  shoulders  of  the 
style — that  is,  under  the  backward  extension  or  overhanging  hinder 
edge  of  its  head  or  proximal  end — is  very  distinct.  The  upper  edge 
of  this  part  of  the  style  (the  surface  articulating  with  the  ultimate 
segment)  has  an  undulated  profile,  with  two  small,  projecting,  un- 
symmetrical,  curved,  horn-like  processes. 

The  style  on  this  its  lower  aspect  has  a  deep  groove  along  the 
middle  of  its  upper  moiety  (obscured  at  the  top),  becoming  narrow 
lower  down.  A  slight  groove  on  each  side  is  also  present  No 
delicate  ridging  is  seen,  nor  any  pits  for  bases  of  prickles.  The 
stylets  are  smooth,  and  apparently  subtriangular  in  section,  each 
bearing  one  strong  ridge  on  the  upper  part  of  the  under  face  (aa 
exposed). 
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In  these  features  this  form  diffen  from  C  Bokemea^  Barrande, 
the  teUon  of  which  is  not  deeply  furrowed  on  its  Tential  (mider) 
face ;  and  the  latter  species  has  longer  stylets,  oral  in  section,  and 
neatly  ridged  throaghoot. 

The  Scandinavian  specimen  occurs,  as  an  impression,  in  hardhlack 
shale  (' Brachiopod-Skiffer  *)  from  the  Lower  Silurian  (Upper 
Caradoc)  of  Westergotland  (Westrogothia),  a  province  in  the  western 
part  of  the  mainland  of  Sweden.  It  has  been  badly  figured  in 
Angelinas  unpublished  '  Tab.  LIU.'  figs.  18  and  19.  F^.  1  is  taken 
from  a  plaster  cast. 

2.  GcRATiOGARis  BoHEMiCA,  Bammde.     Plate  Y.  Figs.  2 — 6, 10. 

1853.  CtratiocarU  {LeptocheU*)  BchemUmt,  Barr.     "Neues  Jahrb.  fur  Min."  etc. 

1853,  Heft.  UL  p.  342. 
1868.  (kratioeari$  Bohemiau,  Barr.,  in  Bigsbr^s  **  Thesanr.  SQar.^  p.  199. 
1872.  e.  Bohemieut,  Barr.     **  Sm.  SiL  Boiidme,*'  toI.  L  Suppl.  p.  447,  pL  19, 

figs.  1-13. 
1885.  C.  ^A^iM,  T.  B.  J.  &  H.  W.    '*  Third  Report  on  the  Paleosoie  Phyllopoda," 

p.  31  (p.  356,  Brit.  Assoc.  Beport  for  1885) ;  and  Fifth  Beport,  etc.,  1887, 

p.  2. 

In  this  species  the  ultimate  segment,  50  mm.  long,  has  a  linear 
loDgitadinal  ornament  of  interrupted  raised  lines.  The  telson  more 
than  112  mm.  (4^  inches)  in  length,  is  ridged  and  furrowed,  and  has 
pits  (marking  the  bases  of  former  spines  and  prickles)  along  the 
two  outer  slopes  of  its  dorsal  surface.  The  lower  face  has  a  broad 
median  furrow  and  two  lateral  hollow  slopes.  The  head  of  the 
telson  has  a  linear  oniament  like  that  of  the  ultimate  segment  The 
stylets  are  ridged  and  furrowed,  and  are  somewhat  oval  in  section. 

Four  specimens  (Figs.  2,  4,  5,  6),  from  the  cream-coloured  lime- 
stone (Wenlock  Shale)  of  Eksta,  Gothland,  are  portions  of  the 
shafts  of  straight,  strong  styles  (telsons),  similar  to  that  of  C 
Bohemicat  and  chiefly  from  the  middle  and  lower  parts  of  the  styles. 
In  section  these  Scandinavian  specimens  are  more  equally  quadrate 
than  in  Barrande's  figs.  7  and  9,  pi.  19,  *'  Syst  Sil.  Boheme,"  vol.  L 
Suppl.,  and  the  fluting  on  the  lower  face  is  somewhat  different.  One 
piece,  Fig.  4,  is  the  same  as  '*  fig.  5  "  of  Angelinas  unpublished  plate 
"  Table  B." 

Another  piece  of  telson  (Fig.  8)  of  the  same  kind  as  the  above, 
shown  by  a  drawing  from  Stockholm,  is  from  the  Sandstone  of 
Bursvik,  South  Gothland  (Wenlock  Shale). 

A  small  fragment  (Fig.  10)  from  Lau,  Gothland,  in  cream-coloured 
fossiliferous  limestone  (Wenlock),  is  probably  part  of  a  stylet  of 
C  Bohemica,  comparable  with,  but  much  smaller  than,  figs.  4,  5,  of 
Barrando's  pi.  19.  It  tapers  rather  rapidly,  bears  several  thin  ridges 
on  both  faces,  and  is  oval  in  section. 

2<*.  Ceratiooaris  valida  (?),  J.  &  W.     Plate  V.  Fig.  7. 

Monogr.  Foss.  Phyll.  1888,  p.  20. 

This  is  a  fragment  of  strong  thick  telson  in  cream-coloured  lime- 
stones,   difiering    from    C,   Bohemica :    (1)    in   being   curved   (the 

^  Syst.  Sil.  Bohdme,  vol.  i.  Sapplement,  p.  447,  pi.  19,  figs.  1-13. 
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<x>nvexity  is  dorsal,  that  is,  on  the  apper  sarfaoe),  (2)  in  having  the 
two  pitted  slopes  lower  down  on  the  sides,  and  (3)  in  the  section 
being  less  qnadrate  than  in  0,  Bohemica  proper.  In  many  respeots 
it  approaches  G.  valida,  J.  &  W.  In  whitish  limestone  with  Stro- 
phomena,  Trilobites,  Tentaoulites,  Enorinites,  etc.  (Wenlook  Lime- 
stone), from  Rohne,  Gothland. 

3.  Cebatiooaius,  sp.    PI.  Y.  Fig.  9. 

1887.  Ofratiocaris,  sp.  no?.  ?  T.  R.  J.  &  H.  W.    Fifth  Report,  etc  p.  2. 

A  fragment  of  a  style  or  of  a  stylet  It  is  somewhat  like  the  last 
(Fig.  10),  but  the  ridges  are  fewer,  broader,  and  rounded.  This  is 
a  drawing  sent  from  Stockholm.  The  specimen  (''Mus.  Geol.  Survey 
Sweden  ")  was  from  Frcijel,  Gothland  (Wenlook  Shale).  The  "  fig. 
6  '*  in  ''  Angelinas  "  unpublished  "  Tab.  B  "  is  somewhat  like  this, 
but  shows  six,  instead  of  four  rounded  ridges. 

4.  Cbbatiooaris  oonoinna,  T.  R.  J.  &  H.  W.    Plate  V.  Fig.  8. 

1887.  Ceratioearis  eoncinna^  sp.  nov.  Fifth  Report,  etc.  p.  2. 

A  small  portion  of  a  straight,  rapidly  tapering  style,  convex  on 
the  upper,  and  concave  along  the  lower  face.  The  section  is  half- 
moon-shaped  in  the  upper,  and  more  oblong  in  the  lower  part  Two 
rows  of  small  pits  on  narrow  ridges  along  the  back,  one  on  each  side 
of  the  raised  middle.  The  test  is  of  a  dull,  light  chestnut  tint;  it  is 
hollow  and  filled  with  limestone.  From  Frojel,  Gothland.  This 
tapering  telson  (7  mm.  broad  at  the  top,  and  i^  mm.  at  the  end  of 
the  fragment  15  mm.  long),  differs  from  any  we  know  of,  though  it 
approaches  that  assigned  to  C.  patula,  J.  &  W.  Being  very  neat 
in  aspect,  it  has  been  called  concinna, 

5.  Ckratiocaris  Soharyi,  Barrande.     Plate  VI.*  Fig.  1. 

1872.  C  Seharyi^  Barr.      "  Syst.  Sil.  BohSme,"  vol.  i.  Suppl.  p.  464,  pi.  32,  figs. 

24-29. 
1876.  C.  Seharuiy  F.  Roem.  '*  I^th.  geogn."     Tli.  I.  *<Leth.  pal."  Expl.pl.  19, 

fig.  0. 
1885.  C.  Scharyi,  T.  R.  J.  &  H.  W.     Third  Report,  etc.  p.  31  (Brit.  Assoc.  Report 

for  1885,  p.  356) :  and  1887,  Fifth  Report,  etc.,  p.  3. 

Of  this  species  seven  segments  (75  mm.,  ultimate  segment  23  mm. 
long)  were  described  by  Barrande.  Height  of  the  highest  (sixth 
from  the  end),  20  mm. ;  height  at  the  end  of  the  ultimate  segment, 
10  mm.  Proximal  portion  of  the  trifid  appendage,  attached  in  place, 
is  ornamented  with  a  delicate  imbrication  of  raised,  leaf-shaped 
lines,  like  pointed  arches,  with  a  minute  tracery  of  smaller  leaf-like 
pattern  within  them  :  all  pointing  backwards.  The  same  ornament 
appears  on  the  head  or  proximal  portion  of  the  telson  also.  The 
ornament  has  some  resemblance  to  the  pattern  on  Eurypterus ;  it 
occui-8  also  on  C,  Deweity  Hall,  and  on  some  British  forms.  This 
species  belongs  to  Barrande's  Stage  Eel  of  the  Bohemian  formations. 

From  Scandinavia  we  have  seen  seven  abdominal  segments  (first 
and  last   imperfect),    some   with   the   test,   some   shown   only   by 

^  Plate  VI.  will  appear  in  the  April  Xumber  Geol.  Mao. 
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impressions ;  crushed  laterally,  and  showing  the  whole  half  from  the- 
dorsal  ridge  to  the  epimeral  border.  In  shape  they  are  not  nnlike- 
those  of  C.  Scharyi,  Barrande.  They  are  ornamented  with  a  strong 
leaf-like  lattioe-pattem,  as  in  that  species.  The  apices  of  some  of  the 
triangles  thicken  and  form  a  kind  of  elongate  drop-like  ornament 
(PL  YL  Fig.  1  b).  The  smaller  (secondary)  lattioe-work  inside  eaohi 
leaf-mark  is  not  so  distinct  as  in  Barrande's  fig.  27. 

In  hard  blue  micaceous  shale  (Ladlow  Series),  from  the  lake 
Bingsjon,  Scania. 

This  specimen  is  a  portion  of  "  fig.  1 "  in  Angelin's  anpnblisbed 
"Tab.  B."  That  figure  shows  a  large  portion  of  the  ultimate 
s^pnent,  and  the  complete  penultimate  s^ment;  bat  the  formes 
and  a  third  of  the  latter  have  been  broken  away,  and  a  fracture 
passes  between  the  two  next  segments. 

6.  GEaATiOGARis  PKOTiNATA,  T.  R.  J.  &  H.  W.    Plate  VL*  Fig.  2. 

1887.  Ceratiocari*  pectmata,  sp.  noT.     Fifth  Report,  etc  p.  3. 

A  portion  of  an  ultimate  segment  (14x6  mm.),  with  a  telson 
(fragment  30  mm.)  and  one  stylet  (not  quite  perfect,  22  mm^).  The 
segment  retains  scarcely  any  of  the  test,  but  shows  traces  of  an 
ornament  of  irregular  small  tubercles  and  interrupted  longitudinal 
lines ;  and  the  distal  margin  of  the  segment  has  a  coarse  comb-like 
fringe,  consisting  of  a  regular  set  of  thin  elongate  tubercles,  remind- 
ing one  of  the  drop-like  tubercles  on  marginal  parts  of  some 
Eurypterids. 

The  head  of  the  telson  is  wrinkled  longitudinally,  and  both  the 
style  and  the  stylet  are  ridged  and  furrowed.  This  form  being  new 
to  us,  its  comb-like  fringe  suggested  the  name  pecUnaia, 

In  earthy  micaceous  blue-grey  limestone,  from  the  Bingsjdo, 
Scania. 

This  specimen  is  '*  fig.  2  "  in  Angelin's  unpublished  "  Tab.  B.** 

EXPLANATION  OF  PLATE  V. 
(All  op  the  Figures  op  the  Natural  Size  except  Fig.  8  3.) 

Fig.  1.  Ceraiiocaris  Angelini^  J.  &  "W.     View  of  the  underside  of  the  style  and 

stylets.     From  a  plaster  cast.     The  style  is  not  quite  perfect. 
„    2  a,  b,  c.  Ceratiocarii  Boh^miea^  Barr.     Views  of  a  part  of  the  butt-end  of  a 

style,    a,  side  view ;  by  dorsal  aspect ;  r,  section. 
„    Zfi  Qy  b\  b  Oy  b'y  Q  Oy  b.    The  same.     Dorsal  views  and  sections  of  portions 

of  styles. 
„    7  a,  b.  C.  valida  (?),  J.  &  "W.     Side  view  and  section  of  a  portion  of  a  style. 
„    8  a,  by  e.  C.  eoncwtia,  J.  &  W.     Views  of  a  broken  style.    8  a,  dorsal  yiew; 

Sby  A  row  of  pits,  enlar^;ed  2  diam. ;  8  e,  sectional  area. 
I,    9.  CeratioeariSf  sp.  noY.  ?    View  of  the  underside  of  a  stylet. 
„    10  Uy  b.  C.  Bohemicoy  Barr.     View  of  the    underside  of  a  stylet,   and  it» 

sectional  area. 

^  Plate  VI.  will  appear  in  the  April  Number  of  the  Geological  MAGAznYB. 

(To  be  continued  in  our  next  Number.) 
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IL— FUBTHSB  NOTKS  ON  ClBBONIFEltbaS  SeLAORH.^ 

By  Dr.  K.  H.  Traquaib,  P.R.S.,  F.O'.S.. 

AnodontacanihuB  and  Fleuraeanihus^*' 

IN  1881'  Mr.  J.  W.  Davis  proposed  the  genus  .AiiodcntaeanihuB 
for  certain  straight  spines  resembling  Fleut^aeanthtu,  but 
differing  in  the  absence  of  the  two  rows  of  denticles.  Three,  species 
are  included :  — A.  acutus  and  obtusua,  from  the  Coal-meftsures  of 
Yorkshire,  and  A.  fastigiatus,  from  the  Blackband  Iroa8;bqno  of 
Carboniferous  Limestone  age  at  Loanhead,  near  Edinburgh,    .'[j-, 

1  offer  no  criticism  on  the  two  Yorkshire  species,  nor  have  I  seen/t&e 
type  of  the  Midlothian  A.fastigiatus,  In  the  large  collection  of  sp\oeo^ 
-which  I  have  from  Loanhead,  there  are,  however,  many  which  I  ref^ 
without  doubt  to  the  last-named  species.  Now,  although  some  of  these' 
are  smooth  and  without  denticles,  others  show,  in  all  stages  of  apparent 
wearing  away,  undoubted  stumps  of  denticles,  whereby  the  species 
fastigiaius  falls  into  Fleuracanthtis,  as  that  genus  at  present  stands. 

It  is  to  be  noted  that  a  large  number  of  the  spines  found  in  this 
Ironstone  (Loanhead  and  Borough  Lee,  No.  2)  are  singularly  worn 
or  eroded  all  over,  as  if  they  had  been  long  exposed  to  the  action  of 
agencies,  chemical  or  mechanical,  tending  to  destroy  the  surface.  I 
have  seen  a  spine  of  Gyracanthus  from  that  bed  having  every  vestige 
of  the  surface  ornament,  so  elaborate  in  that  genus,  removed,  and  I 
had  to  examine  it  microscopically  before  I  felt  absolutely  sure  of  its 
genus.  Other  Qyracanthif  etc.,  are  found  in  every  stage  of  "  polishing 
off."  But  this  phenomenon  is  by  no  means  peculiar  to  the  spines 
and  other  fish  remains  from  Loanhead;  it  is  tolerably  frequent 
elsewhere,  and  is  apt  to  lead  into  error  those  who  have  not  yet 
learned  to  take  it  into  account  Fleuracanthus  erectus,  Davis 
(Q.J.G.S.  vol.  xxxvi.  p.  326),  is  to  my  mind  nothing  but  an  eroded 
specimen  of  FL  laviaaimus,  Ag.,  the  '*  very  blunt-pointed  "  character 
of  the  denticles  being  thus  amply  accounted  for,  and  I  have  a  speci- 
men of  FL  elegans,  Traq.,  from  Loanhead,  which  shows  precisely  the 
same  condition.  Fl.  Wardif  Davis  (ih.  p.  334),  probably  owes  the 
hluntness  of  its  denticles  to  the  same  cause.  And  I  feel  pretty  well 
persuaded  that  T.  Stock's  Lophacanthus  Taylori  (Ann.  and  Mag. 
Nat.  Hist  5th  ser.  vol.  v.  p.  217)  is  nothing  but  a  worn  specimen 
of  Fleuracanthus  (Orthacanthus)  cylindricuSf  Ag. 

Fristodxis  falcatm,  Davis  (ex  Agassiz  MS.). 

Mr.  Davis,  in  his  large  work  on  the  Carboniferous  Limestone 
Fishes  of  Great  Britain,  in  describing  a  remarkable  tooth  to  which 
Agassiz  had  given  the  MS.  name  Fristodns  falcaius,  makes  no 
reference  to  the  fact  that  a  closely  allied  species  had  been  already, 
in  1875,  figured  and  described  by  Mr.  R.  Etheridge,  jun.,  in  the 
Geological  Magazine,  under  the  name  of  Feialorhynchua?  Benniei,^ 

Mr.  R.  Etheridge  also  mentions  that  he  had  been  informed  by 

^  Read  before  the  Royal  Physical  Society  of  Edinburgh,  February  16th,  1888. 

2  Q.J.G.S.  Tol.  ixxvii.  p.  427. 

5  Geol.  Mao.  Dec.  II.  Vol.  II.  p.  242,  PI.  VIII.  Figs.  3  and  4. 
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Mr.  W.  Davies^  flKifl^Mr.  W.  Home  had  exhibited  a  similar  tooth 
from  Wenslejdale  al.Che  Bradford  meeting  of  the  British  Associa- 
tion in  1873,  ati'd>.goe8  on  to  say : — "  Mr.  Davies  is  also  mnch  im- 
pressed witb'ots* 'resemblance  externally  to  the  nnoovered  teeth  of 
the  Parrot  fisfiefi  generally,  bat  more  especially  to  the  DiodomM ;  but 
as  the  fista.wliich  bore  this  tooth  was  nndoabtedly  a  Selachian,  and 
the  stmptare  of  the  tooth,  within  the  month,  so  different  to  that 
of  the  l)(Bdon8,   it  can  have  no  affinity  with  these  recent  fishes, 
althos^ 'very  suggestive  of  a  Selachian  with  a  similar  lEbrm  of 
mpQtfi^*'    This  statement  as  to  affinities  by  Mr.  R.  Etheridge,  jan«, 
ctfuobt  be  called  in   question  by  any  one  who  has  studied  the 
'steucture  of  the  teeth  and  jaws  of  Diodon ;  ncTertheless,  six  years 
.'-.afferwards,  we  find  Mr.  J.  W.  Davis,  at  the  British  Association  in 
/''-^81,  naming  this  tooth  Diodontopsodus,  and  apparently  going  beck 
*'- .  to  the  idea  of  its  Gymnodont  affinities :    "  In  Diodontopsodms  the 
teeth  are  extremely  like  those  of  the  existing  fish  Diodon  "  (Proc. 
Brit  Assoc.  1881,  Trans.  Sect.  p.  646).     And  in  his  large  work  oa 
the  Carboniferous  Limestone  Fishes  he  seems  still  unable  to  free 
himself  from  this  idea.     At  p.  521  he  says : — "  In  searching  for  the 
zoological  relationship  of  Pristodus,  a  striking  and  most  peculiar 
resemblance  is  at  once  observed  between  it  and  some  of  the  Oymno- 
dont  group  of  the  Plectognath  group  of  fishes  at  present  existing. 
...  In  many  respects  the  fossil  teeth  from  the  Mountain  Limestone 
of  Yorkshire  bear  considerable  resemblance  to  those  of  Diodon,    In 
the  general  form  of  the  palatal  interior,  combined  with  the  semi- 
circular external,  trenchant  edge  of  the  tooth,  the  two  are  almost 
identical.  ...  A  comparison  of  the  recent  and  fossil  teeth,  however, 
leads  to  a  natural  inference  of  relationship  in  some  degree,  however 
remote.     Evidence  is  entirely  wanting  as  to  the  anatomical  structure 
of  PristoduSt  and  I  do  not  wish  to  lead  to  the  inference  that  it  was 
more  nearly  related  than  is  warranted  by  the  peculiar  similarity  of 
the  teeth."     I  very  much  fear  however  that  the  "  peculiar  similarity 
of  the  teeth"  is  a  very  deceptive  one  after  all.^ 

But  although  Fristodus  cannot  have  had  the  remotest  affinity  with 
Diodon,  it  is  quite  an  open  question  as  to  whether  there  may  not  have 
been  some  analogy  in  the  form  of  the  jaws,  a  couple  of  these  peculiar 
tooth-plates,  one  above  and  one  below,  forming  the  whole  of  the 
armature  of  the  mouth.  Rather  against  this  view,  however,  is  the 
fact  that  the  height  of  the  crown  in  these  teeth  is  extremely  variable, 
as  may  be  well  seen  in  the  extensive  series  of  P,  falcatus  in  the 
British  Museum,  and  that  in  some  the  apex  is  more  acute,  or  tending 
to  be  mucronate,  than  in  others. 

Mr.  J.  W.  Davis's  Pristicladodus  concinnua  seems  to  me  to  be 
nothing  more  or  less  than  a  crushed  specimen  of  a  species  of 
Pristodus  with  a  more  than  usually  mucronate  apex. 

^  Formerly  of  the  British  Museum. 

•  My  friend  Mr.  A.  Smith  Woodward  writes  to  me  that  he  has,  from  an  examina- 
tion of  specimens  from  Derbyshire,  come  to  the  conclusion  that  Pn'stodui  Bmniei  (B. 
Eth.,  jun.^  is  after  all  distinct  specifically  from  P.  falcatua,  Ag.  Coneiunut  (Dafii) 
ho  also  is  inclined  to  regard  as  distinct,  and  in  that  case  all  thi^  names  will  stand  as 
species  of  PrUlodus, 
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Pristieladodus,  M'Coy. 

There  can  be  no  doubt  that  the  specimen  from  Armagh,  in  the 
British  Museum,  to  which  Mr.  J.  W.  Davis  hets  given  the  name  of 
Carcharqpais  Colei,  is  nothing  else  than  a  specimen  of  Frisiidadodui 
dentatuB,  M'Coy,  with  the  base  broken  off. 

Chondrenchelys  prohlemaiica^  n.  gen.  &  sp. 

Among  the  fishes  from  the  Eskdale  beds,  obtained  from  Mr* 
Damon  for  the  Edinburgh  Museum,  is  one  whose  nature  is  still 
more  problematical  than  that  of  Tarrasiwj  which  it  somewhat 
resembles  in  external  shape.  Two  specimens  in  the  Edinburgh 
Museum  have  the  head  and  the  tail  preserved  up  to  near  the  termina- 
tion of  the  latter,  and  of  these  the  lengths  are,  respectively,  4|  and 
7  inches.  The  shape  of  the  body  is  singularly  elongated  and  eel- 
like, the  head  being  small,  less  than  i  of  the  total  length,  while  a 
long,  low,  continuous  dorsal  fin  runs  along  the  back  from  not  far 
behind  the  head  to  the  end  of  the  slender  pointed  tail. 

In  the  larger  of  these  two  specimens  no  structure  can  be  made  out 
in  the  head  at  all,  owing  to  the  obstinacy  with  which  a  layer  of 
matrix  adheres  to  the  surface. 

The  smaller  affords  not  much  more  light  as  to  this  part,  though 
the  shape  of  the  head  appears  pointed,  and  there  is  some  appearance 
of  what  is  either  a  mandible  or  a  palato-quadrate  arch.  It  is  even 
difficult  to  make  out  whether  the  substance  exhibited  be  true  bone, 
or  calcified  cartilage,  though  there  is  a  spicular-looking  body  lying 
longitudinally  in  the  middle  of  the  head,  which  from  its  smooth, 
almost  glistening,  aspect  reminds  us  of  bone.  About  \  inch  behind 
the  head,  and  apparently  not  at  all  attached  to  it,  is  an  evident 
shoulder-girdle,  or  coraco- scapular  arch,  whose  direction  is  obliquely 
downwards  and  forwards.  Careful  examination  reveals  no  composi- 
tion out  of  distinct  membrane- bones  ;  on  the  other  hand,  its  substance 
has  an  unmistakeably  granular  aspect  suggestive  of  calcified  cartilage. 
No  trace  of  paired  fins,  pectoral  or  ventral,  is  visible. 

Commencing  at  the  head,  and  passing  back  under  the  aforesaid 
shoulder-girdle  to  the  extremity  of  the  tail  is  a  well-marked  vertebral 
column.  Here  the  axis  consists  of  undoubted  centra,  which  are 
rather  higher  than  long.  They  are  crushed  and  flattened  laterally,  but 
on  careful  examination  of  a  most  instructive  fragment  in  the  collec- 
tion of  the  Geological  Survey  of  Scotland,  they  can  clearly  be  made 
out  to  have  had  the  configuration  of  thin-walled  hollow  rings,  through 
which  a  scarcely  constricted  notochord  must  have  passed.  Appended 
to  the  dorsal  aspect  of  this  chain  of  centra  is  a  series  of  bodies 
representing  the  neural  arches  and  spines.  Each  of  these  is  short, 
slender,  and  rod-like,  bifurcating  below  and  pointed  above,  and 
there  seems  to  be  one  for  each  centrum.  They  are  not  composed  of 
ordinary  bone,  but  of  small  granules  placed  end  to  end  like  a  string 
of  beads,  and  that  they  had  not  the  rigidity  of  bono  is  seen  from  the 
flexuosities  which  they  often  present  in  their  contour.  Commencing 
almost  immediately  behind  the  shoulder-girdle,  and  appended  to  the 
neural  spines  above,  is  a  second  series  of  rod-like  bodies  represent- 
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ing  fin-rajB  or  radialsy  of  which  there  are  three  or  four  to  each 
neural  spine ;  they  are  more  slender  than  the  latter,  but  baye  the 
same  granular  structure.  They  gradually  increase  in  length  towardi 
the  posterior  third  of  the  body,  whence  they  again  £iill  away  towards 
the  end  of  the  tail.  The  abdominal  region  extends  for  If  indi  behind 
the  head :  no  ribs  are  visible,  the  termination  of  the  abdomen  being 
marked  by  the  commencement  of  a  series  of  haemal  elements  quite 
similar  in  configuration  and  structure  to  the  neural  ones  above^  and 
these  now  extend  to  the  extremity  of  the  tail.  No  fin-rays  are 
seen  on  the  ventral  aspect  of  the  skeleton,  nor  have  I  seen  any  trMS 
of  any  dermal  hard  parts. 

This  is  indeed  one  of  the  strangest  fishes  as  yet  yielded  by  these 
Eskdale  deposits,  which  have  proved  so  rich  in  palsdiohthyologioal 
treasures.  We  are  not  aware  of  any  ganoid,  recent  or  fossil,  whose 
body  is  entirely  destitute  of  dermal  hard  parts,  for  even  the  all  but 
naked  Polyodon  of  the  present  day  and  also  the  Carboniferoni 
Phanerosteon  have  still  a  few  scales  on  some  part  of  their  surface. 
It  seems  also  scarcely  probable,  that  the  apparent  absence  of  mem* 
brane  bones  from  the  head  and  shoulder-girdle  is  entirely  due  to 
deficient  preservation,  and  the  granular  structure  of  the  vertebral 
apophyses  and  radials  is  not  paralleled  so  far  as  I  know  in  any 
Ghinoid.  It  certainly  is  not  an  ordinary  Ganoid,  nor  is  it  an  Acan- 
thodian.  On  the  other  hand,  its  affinity  to  the  Selachii  seems  to  be 
indicated  by  the  position  of  the  shoulder-girdle,  and  by  the  granular 
calcification  of  the  vertebral  apophyses  and  radials,  and  probably 
also  of  the  head  and  shoulder-girdle.  If  it  be  a  Selachian,  it  is 
certainly  one  of  a  very  primitive  and  at  the  same  time  aberrant  type. 
In  its  long  dorsal  fin,  it  resembles  Xenacanthus,  but  there  is  no 
cephalic  spine,  apparently  no  paired  fins  (though  this  may  indeed 
be  due  to  defective  preservation),  the  vertebral  centra  are  more 
developed,  and  the  two  rows  of  dorsal  interspinous  cartilages  or 
"  Flossenthiger  "  desciibed  by  Kncr  in  that  genus  seem  to  be  absent 
It  is  certainly  a  new,  as  well  as  a  most  intercsting  form,  for  which 
I  accordingly  propose  the  name  of  Chondrenchelys  problematical 


III. — On  the  Detection   op  Mural  Pores  in  thin  Sections  or 

TUB  Favositid^. 

By  H,  Alleyne  Nicholson,  M.D.,  D.Sc,  F.G.S., 
Regius  Professor  of  Natural  History  in  the  University  of  Aberdeen. 

AS  a  text  for  the  following  brief  remarks  on  the  recognition  of 
luiiral  {)orc8  in  thin  sections  of  the  Favositoid  Corals,  I  may 
quote  a  note  appended  by  Mr.  James  Thomson,  F.G.S.,  to  a  recent 
paper  on  the  genus  Lithostrotion  (Trans.  Edin.  Geol.  Soc.  vol.  v. 

Eart  iii.  p.  881).     The  note  in  question  is  subjoined,  the  quotation 
eing  verbatim,  and,  I  may  add,  literatim  also  : — 
**  We  may,  however,  attach  an  undue  importance  to  microscopic 
examinations.     Need  I  refer  to  the  point  raised  recently  by  that 
erratic  and  energetic  worker.  Prof.  Alleyne  Nicholson,  re^u^ing 
mural  pores  in  the  genus  Alveolites,  the  type  of  which  is  also  in  Dr. 
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Fleming's  ooUection.  If  he  had  detected  mural  pores  in  mioroscopio 
sectionBt  we  would  have  regarded  such  as  being  one  of  the  greatest 
disooTeries  of  modem  times.  Is  it  to  be  expected  that  such  delicate 
pores  oonld  retain  their  normal  aspect,  surrounded  and  impregnated 
by  induced  calcareous  matter  during  fossilisation  ?  Indeed,  we  have 
failed  in  detecting  the  mural  pores  in  the  genus  Michdinta  by  the 
microscope,  which  is  of  gigantic  proportions  in  comparison  to  any  of  the 
four  species  of  Alveolites,  In,  however,  weathered  specimens  of  either 
we  find  no  difficulty  in  detecting  the  mural  pores,  and  in  no  locality 
have  we  procured  better  examples  showing  such  than  is  to  be  found 
in  the  examples  of  A.  depressa,  found  in  Charleston  Quarry,  Fifeshire. 
A  variety  of  Alveolites^  which  we  believe  has  been  rashly  relegated 
to  the  genus  Chceates  hyperboltis,^  by  Nicholson  and  Etheridge,  jun." 

So  far  as  concerns  the  genus  AlveoliteSf  Lam.,  in  particular,  it  is 
unnecessary  to  criticise  the  statements  contained  in  the  above  note ; 
since  the  note  itself  contains  the  plainest  proof  that  Mr.  Thomson 
does  not  know  what  the  genus  Alveolites,  Lam.,  is,  and  that  he  is  not 
acquainted  with  any  species  of  the  same.  The  first  point  is  sufficiently 
shown  by  his  assertion  that  "  the  type  "  of  the  genus  is  "  in  Dr. 
Fleming's  collection  " ;  whereas  the  type  of  the  genus  Alveolites,  as 
every  palaBontologist  knows,  is  the  familiar  A,  suhorhicularis,  Lam., 
of  the  Devonian  rocks,  and  is  preserved  at  Paris.  The  second  point 
is  equally  clear  from  his  speaking  of  "  the  four  species  of  Alveolites," 
as  if  there  were  only  four  species  in  the  genus  ;  the  truth  being  that 
"  the  four  species  ".  to  which  he  refers  (viz.  Chatetes  septosus,  Flem., 
C.  depressa,  Flem.,  C.  capillaris,  PhilL,  and  C.  Etheridyii,  Thorns.) 
belong  to  the  genus  Chatetes,  Fischer,  and  are  not  referable  to  the 
genus  Alveolites,  Lam.,  at  alL 

As  regards  the  general  question  involved,  in  view  of  all  that  has 
been  published  in  recent  times  as  to  the  minute  stnicture  of  the 
Favositoid  Corals  by  Ferd.  Koemer,  Lindstrom,  Schliiter,  Freeh, 
Foord,  R.  Etheridge,  jun.,  the  present  writer,  and  others,  it  is 
difficult  to  believe  that  one  who  professes  to  have  studied  Palaeozoic 
Corals  should  speak  of  the  recognition  of  mural  pores  in  thin 
sections  of  Alveolites  as  still  unaccomplished,^  or  of  its  possible 
accomplishment  as  being  *'  one  of  the  greatest  discoveries  of  modem 
times."  Even  in  the  days  of  those  great  masters — Milne  Edwards 
and  Haime — before  the  method  of  working  by  means  of  thin  sections 
had  come  into  use  at  all — it  was  a  familiar  fact  that  mural  pores  could 
readily  be  recognized  in  polished  slabs  of  the  Favositoid  Corals. 
Mr.  Thomson  does  not  appear  to  have   grasped  the  elementary  fact 

*  By  **  the  genus  Chceates  hyperholua''  Mr.  Thomson  refers,  I  presume,  to  the 
"species"  described  by  Mr.  K.  Etheridge,  juu.,  and  myself,  under  the  name  of 
Chatetes  ht/perboreua. 

*  Mr.  Thomson's  disbelief  in  the  possibility  of  recognising  mural  pores  in  thin 
sections  of  the  Favositoid  Corals  is,  it  may  be  noted,  of  comparutivtly  recent  growth. 
Thus,  in  a  paper  published  in  the  Proceedfngs  of  the  Philosophical  Society  of  Glasgow 
in  1881,  Mr.  Thomson  described  and  figured  what  he  believed  to  be  mural  pores  in 
thin  sections  of  Chatetes  Etheridgiiy  Thorns,  sp.  A  reference  to  his  figure  (/of.  cit, 
pi.  L  fig.  7)  will  show,  however,  that  in  this  case  the  supposed  "mural  pores'*  are 
represented  in  the  centre  of  the  calcitc  JiUing  the  visceral  chambers  of  the  corallites, 
W  that  they  are  really  nothing  more  than  minute  granules  of  calcitc. 
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that  whatever  is  shown  by  a  polished  vertical  or  horiaontal  slioe  of 
a  Coral  will  necessarily  be  shown  by  corresponding  thin  86011008.  A 
thin  section  often  shows  more  than  a  polished  slab,  bat  never  leu. 
Every  one  who  has  ever  examined  polished  specimens  of  sudi 
common  Devonian  species  of  AheoUteSf  as  A.  9uborhieulari9,  Lam., 
A.  Battersbyif  E.  &  H.,  or  A.  reticulata,  E.  Sb  H.,  knows  that 
Bach,  as  a  rule,  exhibit  the  mural  pores  with  the  utmost  cleameiB, 
This  being  the  case,  it  follows,  as  a  matter  of  course,  that  thin 
sections  of  such  forms  show  the  mural  pores,  to  one  who  knows 
what  to  look  for,  with  at  least  equal  clearness.  What  is  true  of  the 
above-mentioned  forms  is  true  of  the  Favositoid  Corals  generally,  in 
thin  sections  of  which  mural  pores  can  usually  be  detected  wiUiout 
any  difficulty.  This  assertion  is  not  at  all  affected  by  the  fact  that 
in  certain  states  of  mineralization  any  form  of  the  FavonUda  may  fiul 
to  yield  direct  evidence  of  mural  pores,  when  examined  either  in 
polished  slabs  or  in  thin  sections. 

The  phenomena  by  which  we  may  recognize  in  thin  sections  of 
the  Favositoid  Corals  the  presence  of  mural  pores  are,  of  conrw^ 
well  known  to  palasontologists  generally.  For  the  benefit,  however, 
of  those  who  may  be  beginning  the  study  of  the  fossil  Corals  by 
means  of  thin  sections,  I  may  biiefly  indicate  the  character  of  these 
phenomena. 

In  the  first  place,  it  is  to  be  remembered  what  "  mural  pores  **  are. 
In  their  typical  form,  mural  pores  are  simply  rounded  or  oval  apertares, 
arranged  in  longitudinal  series,  which  perforate  the  walls  of  adjaomt 
coral lites  and  place  adjoining  visceral  chambers  in  direct  oommimi- 
cation.  In  some  cases,  the  "  mural  pore  "  is  not  completed ;  sinoe 
the  thin  *'  primordial  wall  **  which  separates  adjacent  tubes  is  not 
actually  perforated,  but  is  continuous.  In  such  cases,  the  cavities 
of  adjacent  tubes  do  not  actually  communicate,  and  the  so-called 
''  mural  pore  "  is  simply  caused  by  a  deficiency,  at  corresponding 
points,  of  the  thick  layer  of  secondary  sclereuchyma  ("stereoplas- 
ma")  which  ordinarily  coats  both  sides  of  the  "primordial  walL" 
In  other  cases,  again,  as  in  the  genua  Boemeria  and  in  the  typical 
species  of  Fachijpora,  where  the  above-mentioned  layer  of  secondary 
sclerencliyma  is  excessively  thick,  the  "mural  pores**  assume  the 
character  of  longer  or  shorter  tubes  which  connect  adjacent  visceral 
chambers.  Whatever  may  bo  the  precise  form  assumed  by  the 
mural  pores,  they  can  usually  be  readily  recognised  in  thin  sections, 
whether  these  sections  be  taken  at  right  angles  to  the  tubes  or  in 
a  direction  coiTej<ponding  with  the  long  axes  of  the  latter.  The 
facility  with  which  they  can  be  detected  depends  i)artly  upon  the 
condition  of  preservation  of  the  specimen  examined  and  partly  upon 
the  size  and  arrangement  of  the  mural  pores  themselves.  With 
regard  to  the  latter  point,  the  large,  often  uniserial  pores  of  forms 
like  Alveolites  and  Pachypora  are  usually  more  conspicuous  than  the 
genemlly  smaller,  often  biserial  or  triserial  i)ores  of  Favontes  and 
its  immediate  allies. 

Bearing  the  nature  of  "  mural  pores  "  in  mind,  it  is  easy  to  recog- 
nize the  phenomena  which  they  2)resent  in  thin  sections. 
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1.  Taiig«Hti4d  Seetiont. — Seotiona  taken  tonji^tully  to  the  mrtaoe 
of  a  FftTooitoid  Coral,  w  u  to  oot  the  ooiallitei  at  right  angles  to 
their  length,  verj  oommonly  exhibit  th«  mural  pores.  In  such  oaaes 
the  mural  pore  presents  itself  as  a  gap  in  the  Trail  forming  the 
eiroamferenoe  of  a  oorallite  (Fig.  1,  A,  B,  and  0,  p),  the  size  of  this 
gap  depending  npon  the  size  of  the  pore.  If  the  moral  pore  is  not 
a  oomplete  perforatioti  (aa  sometimes  happene),  then  the  gap  is 
eroesed  by  the  thin  primordial  wall  of  the  oorallite,  the  delioate 
partition  thus  formed  being  unoovered  on  both  sides  by  the  layer  of 


Fio,  1. 


Fia.  1. — ThiD  wctians  of  FaroBitoid  Corals.  showiDg  tbe  nhenomenn  presented 
W  tiie  ountal  pores.  A,  Tangentinl  BectioD  of  Favoiiitt  sp.,  from  (he  DovoDiui  of 
Qneeiuland,  enlarged  eii  times.  A',  VerliCBl  section  of  tlie  eume  eimilarly  ealarged  ; 
in  two  of  the  tnbea  the  section  traverses  tbe  centre  of  the  TJeceral  cbambers,  but  in 
one  it  eorresponiis  in  part  with  the  wall  of  the  coraltite.  B  and  ff,  Tnngentinl  and 
•ertical  secCiona  oi  Alvei-lilti  Labrehei,  E.  &  II.,  from  the  Wenlock  Limestone  of 
Iroabiidge.  enlarged  ten  times.  [Tbe  eental  thorns  which  characterize  this  species, 
11  also  A.  BatliTibyi,  E.  &  H.,  are  mostly  omitted  in  the  draving.]  (7aud  C,  Tan> 
teotial  and  vertical  sections  of  Faehijpora  sp,.  from  the  Comiferous  Limestone  of  the 
Falls  of  the  Ohio,  enlarged  ten  times.  In  all  the  figures  the  letter  p  indicates  the 
Smral  pores. 

Becondary  sclerenchyma  which  elsewhere  lines  the  wall.  In  the 
great  majority  of  well-preserved  specimenB  of  species  of  Favoiilei, 
Paehypora,  Strialopora,  tSichelinia,  Fleurodiclyum,  Aheolitet,  etc., 
there  ia  usually  no  difSculty  in  recognizing  the  presenee  of  muta! 
pores  by  the  more  or  less  frequent  occurrence  in  tangential  sections 
of  the  deficiencies  in  tbe  walls  of  tbe  corallit«s  above  desoribed.     In 
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Alveolites  itself,  the  mural  pores  are  generally  uniaerial,  and  an 
placed  along  the  short  sides  of  the  compressed  oorallites ;  so  that  they 
appear  in  tangential  sections  as  gaps  at  the  ends  of  the  creecentk) 
tubes  (Fig.  \,  B).  It  is  hardly  necessary  to  add  that  a  tangential 
section  is  very  unlikely  to  traverse  more  than  an  occasional  minal 
pore.  It  is,  therefore,  only  here  and  there  in  such  a  seotion  that  we 
should  find  the  deficiencies  in  the  walls  of  the  corallites  due  to  the 
presence  of  mural  pores ;  and  in  some  sections  we  might  fail  to  find 
any  traces  of  the  pores. 

The  only  appearance  which,  so  far  as  I  know,  could  be  oonfonnded 
with  the  above  is  the  apparent  communication  between  two  adjacent 
corallites  seen  in  tubes  of  Ch(ttetes,dXidi  of  certain  other  types,  as  viewed 
in  tangential  sections.  In  these  latter  cases,  however,  it  ia  not  that 
two  adjoining  corallites  are  placed  in  communication  by  a  perfoiatioii 
in  their  wall,  but  that  one  corallite  is  imperfectly  sepamted  into  two 
by  the  extension  into  the  visceral  chamber  of  a  septiform  plate,  the 
result  of  commencing  fission.  It  is  hardly  possible  for  a  practised 
observer  to  confound  the  appearances  produced  in  this  way  with  those 
due  to  the  presence  of  mural  {)ore8 ;  and  in  any  case  an  examination 
of  longitudinal  sections  would  at  once  show  the  trne  nature  of  the 
phenomenon. 

2.  Vertical  sections  traversing  the  visceral  chambers  of  the  corallites, 
— Vertical  sections  of  the  Favositoid  Corals — i.e.  sections  cutting  the 
tubes  longitudinally — usually  in  part  traverse  the  visceral  chambers 
of  the  corallites,  while  in  part  they  coincide  more  or  less  closely 
with  the  walls  of  the  corallites.  In  the  former  case,  the  section 
exhibits  the  infilling  of  the  tube  (calcite  or  mud),  intersected  by  the 
tabula3  and  bounded  laterally  by  the  longitudinally  divided  wall  rf 
the  corallite  on  each  side  (Fig.  1,  A\  B*,  and  C),  In  such  cases,  the 
presence  of  mural  j)ore8  can  commonly  be  recognized  by  the  more  or 
less  frequent  occurrence  of  gaps  or  deficiencies  in  the  wall  on  eadi 
side,  the  cavity  of  the  tube  being  thus  placed  in  communication  with 
adjoining  visceral  chambers.  The  phenomena  presented  in  these 
cases  are  precisely  similar  to  those  shown  in  tangential  sections,  and 
need  no  special  notice.  As  in  the  latter,  it  is  only  here  and  there 
that  the  line  of  section  happens  to  coincide  with  a  mural  pore,  and 
it  is,  therefore,  only  here  and  there  that  wo  observe  in  long  sections 
the  gaps  in  the  bounding- walls  of  the  corallites  caused  by  the  presence 
of  pores,  the  size  and  number  of  these  gaps  depending  directly  upon 
the  size  and  number  of  the  pores.  As  a  rule,  however,  the  presenoe 
of  mural  pores  can  in  this  way  be  readily  recognized  in  thin  vertical 
sections  of  Favosiies,  Michelinia,  Pachypora,  Alveolites,  and  the  other 
Favositoid  Corals  (see  Fig.  1). 

For  obvious  reasons,  longitudinal  sections  which  more  or  leal 
closely  coincide  with  the  centre  of  the  visceral  chamber  of  a  corallite 
cannot  exhibit  any  signs  of  mural  pores  other  than  the  gaps  jnat 
mentioned  in  the  bounding-walls  of  the  tube.  In  other  words,  no 
trace  of  the  mural  pores  can  be  found  in  the  calcite  or  mud  which 
occupied  the  space  between  the  bounding-walls.  It  is  not  uncommon, 
however,  to  find  certain  structures  in  the  calcitic  infilling  of  the 
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onJlite  which  may  readily  be  mistaken  for  mural  pores.  The  stmo- 
mes  to  which  I  allade  present  themselves  as  rounded  dark  dots 
iiranged  in  lines,  and  presenting  very  mach  the  appearance  of  being 
lores.  In  reality,  these  structures — which  have  sometimes  been 
xmfonnded  by  various  observers  (including  myself)  with  mural  pores 
—are  the  cut  ends  of  septal  spines  or  thorns,  which  project  into  the 
oavity  of  the  oorallite,  and  thus  come  to  be  divided  in  sections  across 
the  visceral  chamber. 

8.  Vertical  sections  coinciding  with  the  walls  of  the  coraUites. — As 
above  mentioned,  most  vertical  sections  of  the  Favositoid  Corals  come 
here  and  there  to  traverse  the  walls  of  the  corallites.  This  is 
inevitable  when  we  reflect  that  the  corallites  are  usually  more  or 
less  curved,  so  that  it  is  hardly  possible  for  a  vertical  section  to 
divide  any  single  corallite  along  its  whole  length  in  a  single  plane. 
Henoe,  a  section  which  in  one  place  cuts  a  tube  through  the  centre 
of  the  visceral  chamber  may  in  another  place  divide  the  same  tube 
along  one  of  its  bounding- walls  (see  Figs.  1  A'  B^  and  (7).  When- 
over  the  plane  of  a  vertical  section  comes  to  coincide  with  the  plane 
of  the  wall  of  a  corallite,  the  mural  pores  are  necessarily  shown 
more  or  less  extensively  as  round  or  oval  perforations  in  the  wall, 
the  latter  appearing  as  a  more  or  less  opaque  space  replacing  the 
calcitic  infilling  of  the  visceral  chamber  (Fig.  1  A').  Almost  all 
vertical  sections  of  well-preserved  examples  of  Favosites,  Fachypora, 
Michelinia,  Alveolites,  etc.,  show  the  appearances  here  described  at 
certain  points ;  and  when  this  is  the  case,  the  presence  of  mural  pores 
oan  never  be  doubted.  In  certain  species  of  Favosites,  however,  as 
for  example  in  F,  aspera,  D'Orb.,  and  F.  Mullochensis,  Nich.  and  Eth. 
Jan.,  vertical  sections  may  fail  to  show  the  mural  pores,  owing  to 
the  fact  that  these  openings  are  placed  at  the  angles  of  the  prismatic 
tubes,  instead  of  along  the  flat  faces  of  the  corallites.  In  the  species 
of  Alveolites,  also,  owing  to  the  position  of  the  pores  on  the  short 
tides  of  the  corallites,  vertical  sections  often  fail  to  show  the  appear- 
ances just  described,  since  the  parts  of  the  wall  exposed  in  such 
sections  commonly  belong  to  the  mde  non-poriferotis  faces  of  the 
oorallites. 

If  an  investigation  of  a  coral  otherwise  similar  to  the  Favositidm 
should  fail  to  bring  to  light  any  of  the  phenomena  above  described 
as  indicating  in  thin  sections  the  presence  of  mural  pores,  it  may  in 
general  be  safely  concluded  that  such  a  Coral  is  "  imperforate."  At 
the  same  time,  it  is  not  safe  in  all  cases  to  conclude  that  mural  pores 
are  wanting  merely  because  their  presence  has  not  been  detected  in 
one  or  two  thin  sections.  There  are  plenty  of  cases  where  a  single 
thin  section  exhibits  no  traces  of  mural  pores,  but  where  abundant 
evidence  of  the  presence  of  these  structures  can  be  obtained  by  an 
investigation  of  a  series  of  such  sections.  There  are  also  cases 
where  a  specimen  of  a  form  certainly  known  to  possess  mural 
pores  may  nevertheless  fail  to  show  signs  of  these  in  thin  sections, 
as  the  result  of  complete  recrystallization  or  replacement.  Such 
cases  are,  however,  rare,  and  do  not  affect  the  general  value  of  the 
characters  above  pointed  out« 
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In  oonoIuBion,  I  may  add  that  I  have  oarefnlly  examined  a  verf 
extensive  Beries  of  tliin  aections  of  the  four  types  of  Oarboniferoas 
Corals  which  Mr.  Thomson  speaks  of  as  "the  fear  species  of 
AlvtoUtes/'  and  I  have  failed  to  find  in  a  single  instance  any  indica- 
tion of  any  of  the  phenomena  above  mentioned  as  oaosed  by  the 
presence  of  mural  pores.  I  have  therefore  no  doubt  that  the 
eorallites  in  these  fonr  types  possessed  imperforate  walls ;  while  the 
general  structural  features  which  they  present  render  it  certain  that 
they  are  truly  referable  to  the  genus  Chaietes,  Fischer. 


IV. — Notes  on  Tebtiaby  Laoebtiua  and  Ophtoza. 
By  R.  Lydbkkb&i  B.A.,  F.Q.S.,  etc 

ABECENT  examination  of  the  remains  of  Tertiary  Lacertilia 
and  Ophidia  preserved  in  the  British  Museum  having  brought 
to  light  some  new  facts  in  regard  to  distribution,  and  also  indicatiiig 
the  necessity  of  revision  of  certain  determinations  of  other  anthorSi 
I  have  thought  it  advisable  to  oommunioate  the  result  of  my 
observations  in  a  collective  form. 

Iguana. — In  his  description  of  the  vertebrates  of  the  Qoeroy 
Phosphorites  Dr.  Filhol  ^  describes  and  figures  two  fragments  of  the 
jaws  of  a  small  Lizard  which  he  refers  to  the  American  genoB 
Iguana,  under  the  name  of  Iguana  europeana,  although  in  the 
description  of  the  plate ^  they  are  mentioned  as  PraiguancL  Among 
the  Hastings  collection  from  the  Upper  Eocene  (Oligocene)  <tf 
Hordwell  in  Hampshire  I  find  several  vertebr»  (No.  32840,  a)  of  a 
small  Lizard,  which  show  the  minute  zygosphenes  charaoteristio  of  the 
Iguanas,  and  agree  in  all  other  respects  with  the  vertebras  of  existing 
forms.  I  have,  therefore,  no  hesitation  in  referring  these  specimens  to 
the  Iguanidoi ;  and  since  (as  I  shall  again  have  occasion  to  mention) 
at  least  a  certain  proportion  of  the  Hordwell  and  Quercy  Squamata 
appear  specifically  identical,  I  think  it  is  not  impossible  that  these 
specimens  may  belong  to  J.  europeana.  With  regard,  however,  to 
the  reference  of  this  species  to  the  genus  Iguana,  it  will,  of  course^ 
be  necessary  to  use  that  term  in  a  much  wider  sense  than  in  recent 
herpetology,  where  it  is  restricted  to  two  species ;  but  if  the  type 
European  form  be  eventually  found  decidedly  different,  the  name 
Froiguana  luight  be  adopted.  The  occurrence  of  such  an  essentially 
American  type  in  the  European  Tertiary  is  paralleled  by  the  oo- 
currence  in  tlie  (Eningen  beds  of  the  genus  Chelydra  among  the 
Ghelonia ;  and  also  of  Latonia  among  the  Ecaudate,  which  is  closely 
allied  to,  if  not  identical  with,  the  Brazilian  Ceratophrys, 

Flacosaurus.  —  In  his  "  Zoologie  et  Paloontologie  Fran^aisee,'' 
2nd  ed.  p.  260,  pi.  Ixiv.  fig.  2,  the  late  Prof.  P.  Gervais  descrihed 
and  figured  part  of  the  cranium  of  a  Lizard  from  the  Upper  Eocene 
(Lower  Oligocene)  of  Vaucluse  under  the  name  of  Plaeosaunu 
rugo8U8 ;  of  which  the  most  characteristic  feature  is  the  presence  of  en 
armour  of  sculptured  polygonal  dermal  scutes  on  the  upper  surfaoa 
Many  years  later  the  same  writer  in  his  '*  Zoologie  et  Paleontologi^ 

^  Ann.  Sci.  G^l.  vol.  riii.  p.  267.  *  Op.  cit.  p.  838. 


jS.  Lydekker — Tertiary  Lacertilia  and  Ophidia.         Ill 

C^nerales,"  ser.  2,  p.  60,  gave  a  woodout  of  the  cranial  sontea  of 
another  Lizard  from  the  approximately  equivalent  Phosphorites  of 
Querqy  under  the  name  of  Varanus  margaritieeps,  making,  however, 
no  referenoe  whatever  to  Plaeosaurui.  Now  if  the  type  specimens 
of  ihese  two  forms  he  compared  together,  there  cannot,  I  think,  he 
much  hesitation  in  acknowledging  their  generic  identity ;  while  it 
is  perfectly  clear  from  the  presence  of  dermal  scutes  that  they  have 
nothing  whatever  to  do  with  the  Varantda,  At  a  still  later  period 
Dr.  Filhol^  descrihed  and  figured  from  the  Quercy  Phosphorites 
an  imperfect  dentary  hone  under  the  name  of  Palaovarantu  cayluxi, 
and  suggested  that  it  might  he  the  same  as  the  so-called  Varanua 
margariticepa ;  hut  since  this  specimen  appears  to  helong  to  a  true 
VaranuSt  it  will  he  perfectly  distinct  from  the  latter.  In  the  collection 
of  the  British  Museum  I  find,  however,  a  numher  of  vertehrsd  belong- 
ing to  Lizards  of  medium  dimensions,  from  Quercy  (No.  B.  428), 
and  also  others  of  similar  type  from  Herd  well  (No.  82840), 
which  agree  most  nearly  with  those  of  certain  existing  genera  of 
AnguidiB,  and  appear  decidedly  distinct  from  those  of  the  VaranidcBt 
although  there  is  a  great  general  resemblance  between  the  vertebree 
of  the  two  families.  This  would  lead  to  the  conclusion  that  since 
PlaeoBanrus  agrees  with  the  Anguida  in  the  presence  of  dermal 
scutes,  the  vertebras  in  question  belong  to  the  Quercy  species  of 
that  genus.  I  find,  moreover,  a  dentary  bone  of  a  Lizard  from 
Quercy  (No.  R.  377)  agreeing  very  closely  with  the  dentary  of  the 
existing  genera  Diploglossua  and  Ophisaurus ;  and  the  presumption 
is  therefore  very  strong  indeed  that  this  specimen  is  likewise 
referable  to  the  Quercy  Flacoaaurus,  It  appears,  however,  to  be 
indistinguishable  from  a  fragmentary  dentary  from  Quercy  figured 
by  Dr.  Filhol  in  pi.  xxvi.  fig.  425  of  the  work  cited  under  the 
name  of  Plestiodon  (=  Eumeces)  cadurcensia;  that  genus  belonging 
to  the  family  Scindda,  That  the  present  specimen  is,  however, 
not  a  Scincoid  is  decisively  shown  by  the  absence  of  the  descending 
ridge  from  the  coronoid  on  the  outer  aspect  of  the  posterior  ex- 
tremity of  the  dentary,  which  forms  such  a  characteristic  feature  in 
that  family.  Finally,  on  comparison  of  a  Quercy  femur  (No.  R.  387) 
with  the  similar  specimen  figured  by  Dr.  Filhol  {op.  ciL  pi.  xxvi. 
figs.  445-446)  under  the  name  of  Palaovaranus,  I  find  a  marked 
resemblance  to  the  femur  of  the  Anguoid  genus  Diplogloaaua  and  a 
wide  difference  from  that  of  Varanus. 

The  foregoing  evidence  tends  therefore  to  show  that  all  the  above- 
mentioned  specimens  are  in  all  probability  referable  to  the  genus 
Placoaaurua;  which  accordingly  appears  to  have  been  a  member 
of  the  Anguida  provided  with  well-developed  limbs.  There  is  no 
evidence  to  show  whether  the  Quercy  form  is  really  distinct  from  the 
typical  Vancluse  P.  rtigostia  ;  but  for  the  present  it  may  perhaps  be 
advisable  to  retain  the  specific  name  margariticepa,  of  which  Pleatiodon 
eadurcenaia  appears  to  be  a  synonym.  The  Hordwell  form  may 
belong  to  either  the  Vaucluse  or  the  Quercy  representative  of  the 
genus,  if  these  be  distinct.     And  I  may  add  that  the  North  American 

1  Op.  etc,  p.  268,  pi.  xxvi.  fig.  434  (1877). 
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Eocene  genera  Santva,  Leidy,  and  Qlypto$auru$,  lianh,  are  in  all 
probability  closely  related  to  Plaeoaaurua. 

Paleryz  and  Palaopythoii. — The  genas  Paleryx  was  founded  m 
1850  by  Sir  R.  Owen '  on  the  vertebrae  of  a  oomparatiTely  large 
snake  from  the  Hordwell  Beds,  which  was  regarded  as  nearly  allied 
to  the  existing  genus  Elryx.  In  1880  M.  Roohebnme  '  described  and 
figured  certain  Ophidian  Yertebi*8a  from  the  Querey  Phosphoiitef 
under  the  new  generic  title  of  Pakeopython ;  identifying  one  species 
with  Python  cadurcensia  of  Dr.  Filhol,'  and  naming  a  second  species 
Palaopython  FilholL  On  comparing  vertebrsa  from  QaeiOT  in  the 
Maseam  (No.  R.  428,  a)  which  are  indistingaishable  from  tne  speci- 
men figured  by  Rochebruno  as  Palaopython  cadurceiutM  with  the  type 
vertebra  of  Paleryx  rhomhtfer  (No.  25259),  I  find  that  the  two  cannot 
be  even  specifically  distinguished.  Similarly  I  find  that  smaller 
vertebrsB  from  Querey  (No.  R.  428,  d)  agree  precisely  with  the  types 
(No.  25261)  of  the  Hordwell  Paleryx  depreaaus,  Owen ;  and  I  believe 
that  these  are  in  all  probability  specifically  identical  with  slightly 
larger  Querey  vertebrae  (No.  R.  428,  o),  agreeing  with  the  type  of 
Palaopython  Filholi,  Rochebrune.  It  appears,  therefore,  that  the  genus 
Palaopython  is  identical  with  Paleryx,  and  should  accordingly  be 
abolished ;  but  I  agree  with  M.  Rochebrune  in  regarding  the  vertebne 
to  which  this  name  was  applied  as  indicating  a  Snake  very  closely 
allied  to  Python,  and  clearly  referable  to  the  same  family. 

Palaophis. — The  vertebras  of  huge  Serpents  from  the  London  and 
Bracklesham  Clays,  described  by  Sir  Richard  Owen  in  the  memoir 
above  cited  as  PalceophiSy  were  regarded  by  him  as  allied  to  the 
marine   Hydrophida,      Other  vertebras  of   similar  structure  were 
subsequently  obtained  from  marine  Eocene  beds  in  North  America, 
and    described    by   Prof.    Marsh   under    the  name  of    THtanopJui 
(Binophia),  although  regarded  by  Prof.  Cope  as  generically  indis- 
tinguishable from  Palceophia.     Both  these  writers  suggested  that 
these  Serpents  were  more  nearly  allied  to  the  Pythonidcb  than  to  the 
Hydrophida ;  and  in  the  memoir  which  I  have  already  quoted  M. 
Rochebrune  came  to  the  conclusion  that  they  should  be  included  in 
the  Pythonida.     If,  however,  the  vertebras  of  Palaophia  be  compared 
with  those  of  Python,  it  will  be  seen  that  they  differ  by  their  much 
taller  neural  spine,  by  the  lower  position  and  different  contour  of 
the  costal  articulation,  by  the  much  less  prominent  zygapophyses, 
by  the  more  developed  haBmal  carina,  as  well  as  in  several  minor 
features ;  and  it  would  thus  appear  that  on  osteological  grounds 
alone  the  reference  to  the  Pythonida  cannot  be  maintained.     This 
inference  is,  however,  supported  by  other  considerations.     Thus  the 
existing  Pythons  are  confined  to  the  Old  World  and  Australia ;  and, 
although   they   can  and   do   swim   well   in   freshwaters,  they  are 
essentially  land   snakes.      Judging,   however,  from   the  strata  in 
which  Palaophia  and  Titanophia  occur,  there  is  a  very  strong  pre- 
sumption, as  Sir  R.  Owen  and  Prof.  Marsh  have  pointed  oat,  that 

^  Reptilia  of  London  Clay  (Mon.  Pal.  Soc),  pt.  3,  p.  67. 
'  Nouv.  Archiv.  d.  Museum,  ser.  2,  vol.  iii.  p.  277,  pi.  ~ 
»  Ann.  Sci.  G6ol.  vol.  viii.  p.  270  (1877). 
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these  Serpents  were  of  marine  habits;  and  the  occurrences  of 
closely  allied,  if  not  generically  identical,  forms  on  both  sides  of 
the  Atlantic  tends  to  confirm  this  view.  In  addition,  therefore,  to 
the  osteological  differences  between  Palmophis  and  the  Pythonida^ 
ve  have  in  all  probability  to  add  the  difference  of  marine  against 
terrestrial  habits ;  and  these  two  differences  appear  to  me  to  leave 
little  doubt  as  to  the  right  of  the  former  genus  to  represent  a 
distinct  family  type — the  Palaophida,  There  is,  unfortunately,  no 
skeleton  of  JSydrophis  accessible  to  me  for  comparison  with  Palao* 
phi8,  but  since  M.  Kochebrune  states  that  the  vertebras  of  the  former 
are  widely  different  from  those  of  the  latter,  I  think,  for  the  present 
at  any  rate,  it  will  be  advisable  to  retain  the  Palaophida  among  the 
true  Colubriformes,  where  they  may  be  placed  after  the  Pythonida 
and  allied  fan^ilies. 

In  conclusion  I  may  observe  that  figures  of  some  of  the  specimens 
I  have  here  mentioned  will  be  given  in  the  British  Museum  Catalogue 
of  Fossil  Reptilia  and  Amphibia,  where  attention  will  be  somewhat 
more  fully  directed  to  the  question  of  the  specific  identity  of  some 
of  the  forms  to  which  I  have  alluded. 


V. — On   the   Effect   of   Continental  Lands   in   altbrinq  the 

Level  of  the  adjoining  Oceans.^ 

By  Professor  Edward  Hull,  LL.D.,   F.R.S., 
Director  of  the  Geological  Survey  of  Ireland. 

THE  effect  of  the  attraction  of  continental  land  upon  the  oceanic 
waters  adjoining  seems  to  have  been  very  mucli  overlooked  by 
British  physical  geographers.  That  some  slight  effect  arises  in  the 
direction  of  elevating  the  surface  of  the  ocean  in  proximity  to  the 
coast  is  generally  admitted,  but  the  amount  of  rise  is  considered  to 
be  small,  perhaps  insignificant.  The  prevalence  of  these  views  was 
attributed  by  the  author  to  the  widespread  influence  of  Ly ell's 
hypothesis  of  the  uniformity  of  the  ocean-surface  all  over  the  globe. 

The  author's  attention  had  been  called  to  the  subject  by  the 
perusal-  of  the  works  of  the  German  geographers  Suess'  and 
Fischer,*  especially  the  latter ;  and  he  had  received  great  assistance 
in  his  investigations  from  Professor  G.  G.  Stokes,  M.P.,  Pres.R.S., 
and  from  the  lie  v.  Maxwell  H.  Close,  F.G.S.,  which  assistance  he 
gratefully  acknowledged. 

In  attempting  to  determine  the  relative  levels  of  the  ocean-surface 
along  the  margins  of  continents  as  compared  with  those  of  mid- 
oceanic  islands,  the  German  authors  above  quoted  had  based  their 
results  on  observations  of  the  length  of  the  second's  pendulum. 
Many  years  ago  (1849)  Stokes  had  shown  that  the  force  of  gravity 
must  be  greater  in  such  islands  than  on  continental  stations,*  and 

^  The  paper  will  probably  be  published  in  extenso  in  the  Scientific  Transactions  of 
the  Royal  Dublin  Society  (1888). 
»  Suess,  Das  Antlttz  der  Erde  (1887). 
'  Fischer,  Untersuehungen  uber  die  Oestalt  der  Erde  (1886). 
*  Stokes,  Cambridge  Fhilotophical  Tramactionef  vol.  yiii.  pp.  672-695. 
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this  oonolasion  oorresponded  with  aotnal  observations  on  the  length 
of  the  second's  pendulum  at  stations  all  over  the  globe  as  tabulated 
by  Airy.^  The  formula  of  Suess  and  Fischer  based  on  these  was  to 
the  effect  that  the  difference  in  the  level  of  the  ocean  between  two 
such  stations  was  found  in  mHres  by  multiplying  the  difference  in 
the  number  of  daily  oscillations  in  the  second's  pendulum  by  122. 
This  in  the  case  of  the  stations  of  California  (or  Mexico  ?)  in  Jat 
21°  3(y  and  of  the  Sandwich  Islands  would  amount  to  4520  feet: 
a  very  startling  result  if  correct. 

The  author  proceeded  to  discuss  the  effect  of  continental  lands, 
showing  that  this  was  in  the  first  instance  divisible  under  two 
principal  heads:  The  effect  (1)  of  the  unsubmerged,  and  (2)  of  the 
submerged  masses.  In  the  former  case  {i.e.  where  the  mass  rose  aboTS 
the  surface),  one  component  of  the  attraction  acted  in  f^  more  or  leu 
vertical  direction  ;  in  the  second  case,  all  in  a  lateral  direction ;  but 
both  had  the  effect  of  elevating  the  surface  of  the  ocean.  The 
horizontal  distance  to  which  the  vertical  effect  extended  owing  to 
the  curvature  of  the  earth's  surface  was  then  considered ;  and  it  was 
shown  that,  where  continental  lands  rise  from  a  deep  ocean,  the 
effect  of  the  lateral  attraction  far  exceeds  that  of  the  vertical  attrac- 
tion of  the  unsubmerged  mass.  Professor  Stokes  had  furnished  the 
author  with  a  hypothetical  case,  in  which  the  elevation  of  the  ocean 
was  estimated  to  reach  400  feet  above  the  mean  geodetic  surface  of 
the  earth. 

For  the  purposes  of  illustration  three  cases  were  selected,  viz. : — 

(1)  The  table-land  of  Mexico,  between  lata.  18*"  and  26""  N. 

(2)  The  table-land  of  Bolivia,  „  IQ""  and  2i>*'  S. 

(3)  The  Andes  of  Chile,  „  26**  and  36**  S. 

The  mean  elevations,  distances  from  the  ocean,  and  extent  having 
been  determined,  and  the  mean  density  of  the  crust  being  taken  at 
2*6  for  emergent,  and  1*6  for  submerged,  land,  the  results  of  the 
attraction  of  the  mountain  masses  in  each  case  were  as  follows : — 

(1)  Mexico,  230  feet;  (2)  Bolivia,  301  feet;  (3)  Chile,  63  feet; 
the  elevations  being  calculated  above  a  mean  geodetic  surface. 

To  the  above  results,  due  to  the  gravitation-potential  of  the 
elevated  masses,  were  to  be  added  those  due  to  the  following 
factors : — 


id)  The  marginal  plain  or  emergent  tract  on  either  side  of  the  mountain 

\b)  The  high  lands  both  to  the  north  and  south  of  the  special  sections  abofe 

dealt  with. 
{e)  And  lastly,  and  most  important,  the  submerged  continental  mass. 

To  provide  for  the  sphericity  of  the  earth  deductions  of  varions 
amounts,  according  to  circumstances,  were  made  from  the  numbers 
obtained  from  the  formula  which  Mr.  Close  had  arrived  at  by  a 
double  process,  and  which  is  given  at  length  in  the  paper  itself. 

Combining  these  results  with  those  given  above,  we  obtain  as  the 
whole  rise  of  the  ocean  surface  as  follows :  — 

(1)  Mexico,  780  feet;  (2)  Bolivia,  2159.feet;  (3)  Chile,  1582  feet. 

In  all   the  above  cases  the  coast  was  taken  as  descending  to  a 

^  Airy,  **  On  the  Figure  of  the  Earth,*'  Eneyclop,  MetropoliUna, 
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lepth  of  15,000  feet  at  a  gradient  of  about  -iV  to  -jV*  the  corapara- 
ively  low  results  in  the  case  of  Chile  being  due  to  the  narrowness 
)f  the  mountain  range,  30  miles  in  mean  breadth,  as  compared  with 
300  miles  in  the  case  of  Bolivia. 

The  above  results,  which  are  probably  rather  under  than  over 
estimates,  fall  considerably  short  of  those  to  be  drawn  from  Suess 
md  Fischer's  formula,  but  are  probably  much  in  excess  of  the  views 
beld  by  British  physical  geographers  generally ;  and  the  conclusion 
was  drawn,  that  if  the  same  processes  of  reasoning  and  calculation 
were  applied  to  all  parts  of  the  world,  it  would  be  found  that  the 
3cean  waters  are  piled  up  to  a  greater  or  less  extent  all  along  our 
continental  coasts,  producing  very  important  alterations  in  the  ter- 
restrial configuration  as  compared  with  an  imaginary  ellipsoidal,  or 
^odetic,  surface,  to  which  all  these  changes  of  level  must  necessarily 
be  referred. 


VI. — The   Ocoubrenoe  op  Variegated  Coal-measures,  Altered 
Ironstones,  etc.,  at  Swadunoote,  Derbyshire. 

By  W.  S.  Grbslet,  F.G.S. 

A  HIGHLY  interesting  and  remarkable  instance  of  altered  Coal- 
measures,  due  to  impregnation  by  hydrous  and  anhydrous 
oxides  of  iron,  infiltrated  by  water  from  the  overlying  Permian 
strata,  can  now  be  seen  in  situ  in  the  Ashby-de-la-Zouch  Coal-field, 
and  I  think  it  should  be  made  known  in  order  that  those  who  may 
wish  to  study  such  phenomena  may  have  the  opportunity  of  doing 
BO.     The  following  is  a  general  description  of  the  section. 

The  section  may  be  seen  near  the  Fire-brick  and  Pipe  Works  of 
Messrs.  Wragge,  at  Swadlincote,  near  Burton-on-Trent.  The  exact 
locality  is  where  the  words  **  liound  Wolds  "  occur  half  a  mile  east 
of  Swadlincote,  near  bottom  left-hand  comer  of  Quarter-sheet 
No.  71  S.W.  (Nottingham)  of  the  One-inch  Ordnance  Survey.  It  is 
referred  to  on  page  203  of  Mr.  H.  B.  Woodward's  new  work  on 
*•  The  Geology  of  England  and  Wales."     It  exhibits,  in  my  opinion, 

1.  Four  distinct  systems  or  periods  of  strata,  viz.  Carboniferous, 
Permian,  Trias,  and  Drift.  Of  the  lowermost  group  of  these  rocks 
we  have  about  40  feet  of  Coal-measures,  consisting  of  two  thin  coal- 
seams  ;  four  or  five  beds  of  fire-clay,  three  of  which  measure  about 
26  feet  in  the  aggregate,  and  immediately  below  the  Permians 
are  variegated  coal- shales  with  numerous  nodules,  and  one  or 
two  bands  of  a  variety  of  red  hsematite,  and  an  occasional  large 
concretionary  mass  of  altered  siliceo-ferruginous  sandstone  with 
cone-in-cone  structure.^ 

The  Permian  strata  appear  to  consist  of  dark  red  compact  marl, 
Bome  thin  bands  of  tea-green  marl,  and  a  bed  of  semiconsolidated 
breccia,  containing  a  variety  of  crystalline,  slaty,  igneous,  and  other 
K)ck-fragments.* 

Upon  these   lie  yellowish    soft   sandstones,  flaggy  beds,   marls, 

1  See  Geological  Maoazinb,  No.  1,  p.  17,  January,  1887. 
3  bee  Gkoluoical  Maoazine,  Vol.  for  18b5,  p.  333. 
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and  a  few  quartz  pebbles,  and  capping  the  whole  ia  a  rubble  of 
sandstone  fragments,  layers  of  sand,  a  red  marly  day  with  deriired 
pebbles,  and  soil  to  surface. 

The  total  thickness  of  strata  at  present  exposed  is  about  70  feet, 
but  other  beds  come  in,  and  can  still  be  seen,  between  the  variegated 
Coal-measures  and  the  Permians,  about  300  feet  further  to  the  north. 

Each  of  the  above  series  lies  unconformably  upon  the  one  beneath 
it ;  tbe  Coal-measures  have  a  north-easterly  dip  ;  the  Permian  beds 
dip  east ;  the  Trias  lies  nearly  horizontal,  and  the  Drift  overlaps 
the  whole,  though  it  appears  only  locally. 

SECTION  AT  SWADLINCOTE,  DERBYSHIRE. 

Ft  In. 

^^  I  ^UlliliC'"  soil     •••    •••    ■••    •••    ••■    •••    ■••    •••    •■■    •••    ■■•    ••• 

^  \  Red  clay,  sand,  and  fraginenta  of  sandstone 

.  /  Green  and  red  marly  layers 

•§  I  Soft  sandstone,  with  layers  of  yellow  and  red  marl    

E->  (  Yellow  sandstone,  with  a  few  quartzite  pebbles  at  base     

g  ^  Light  yellow  sandstone 

*g  I  Semiconsolidated  breccia  (sometimes  in  two  beds)       

S  (  Red  marl,  with  greenish  layers  top  and  bottom 

'Highly-variegated  argillaceous  shale ^  with  band  and  many  flat 
fossiliferous  nodules  of  red  haematite,  and  a  few  large  concretioiis 
of  yellow  and  red  siliceo-femiginous  sandstone,  exhibiting  cone- 

in-cone  structure,  etc 8     0 

Dark  blue  shale  without  nodules,  but  sometimes  with  red  yeins  or 

I  villi  I'd        •••     •••     ••■     •••     ••■     ••«     •••     ■••     ••«     •■•     •••     •••        V     V 

Coal-seam— sometimes  iridescent 10 

MJ%kXw<   U ■  v^CittY     •••         •••         •••         •••         ••«         •••         •••         ■••         ■■•         •••         •■•         •••  **         ^ 

I  ^  Lighter  ditto— locally  called  "  the  marl '* 7     6 

mJ%ml  1L   l^Xtty  •••        •••        •••        •••        •••        •••        •••        •••        •••        •••        •••        •••        •■• 

Strong  grey  blocky  fire-clay — "the  fire-clay  **     8     0 

Hard  dark  shaly  clay      1     2 

Vy  vm^PiTmii « ■•      •••      •••      •••      •«•      ••■      ••■      •••      •••      •••      •••      •«•      •••  ^ 

Inferior  fire-clay     3     0 

xiaru  oiaC'ik  ciitv        •••     •••     ••■     •••     •••     •••     ••«     •••     .«•     •••     •••  * 

Strong  inferior  fire-clay  with  nodular  clay -ironstone  much  wrinkled 

OU    BUlIttCcB  •••        cas         «««         s,«         «««        .(•        ..a         •••        •••         •••        •••  O         V 

a loor  OX  quarry       ...     •     ...     ...     ,,,     ...     ...     ...     ,«,     ••■      li     *' 

Now,  the  principal  point  of  interest  in  the  above  section  is  the 
uppermost  bed  of  the  Coal-measures — the  *bind'  or  argillaceous  shale 
with  its  accompanying  concretionary  ironstones  and  large  balls  of 
altered  '  cankstone.'  AVhere  this  stratum  is  in  contact  with  the  red 
beds  of  the  newer  rocks,  its  colour  becomes  entirely  changed,  and 
the  great  variety  of  hues  of  red,  brown,  purple,  yellow,  blue,  etc., 
together  with  the  oft^n  very  curious  and  remarkably  beautiful  way 
in  which  the  alternations,  bl endings  and  arrangements  of  form  have 
been  produced,  is  in  itself  quite  a  study.  The  ironstones,  too, 
certainly  deserve  attention.   When  the  shale  is  variegated  or  mottled, 

'  Owing  to  unconformity  the  thickness  of  this  stratum  varies  a  good  deal,  aod  in 
places  where  the  distance  between  the  Permian  marl  and  it,  is  much  increttwd,  tbe 
ironstone  nodules  are  found  in  their  natural  condition  (clay-carbonates). 

'  The  section  not  having  been  carefully  measured,  the  thicknesses  here  given  an 
only  approximate. 


08 
O 

o 


S.  S.  Buekman — PabBontohgical  Nomenclature.         117 

tliese  are  invariably  found  to  be  of  a  red  hsBmatite,  more  or  less 
oompaot,  and  with  the  nuclei  often  of  limonite  more  or  less  soft 
These  nodules  of  haematite  were  originally  clay-ironstone  before  the 
Coal-measures  were  overlaid  by  the  Permian  beds.  Of  this  I  enter- 
tain no  doubt,  and  in  this  very  quarry  may  be  seen  the  same  nodules 
m  their  former  condition.  That  these  nodules  in  their  normal  state 
have  a  peculiar  chemical  composition  not  possessed  by  ordinary 
sphfldrosiderite  of  the  Coal-measures  seems  highly  probably  from 
the  fact  that  in  weathering  they  sometimes  become  a  deep  red  colour, 
and  at  others  quite  yellow,  lliis  alteration  is  always  accompanied 
by  a  softening  of  the  nodule,  with  reduction  in  weight. 

At  a  few  yards  to  the  south  of  the  section  given  above,  we  find 
the  red-staining  from  the  Permian  marl  has  extended  to  the  Fire- 
clays beneath  the  10- inch  bed  of  Coal,  giving  them  a  somewhat 
similar  variegated  aspect  (though  the  colouring  is  less  vivid)  to  the 
shales  above.  The  red  hsematitic  character  of  the  ferruginous  nodules 
occurring  in  these  clays  shows  also  the  change  they  have  undergone 
since  Carboniferous  times. 

In  this  section  too  may  be  seen  instances  of  faulting.  We  have  a 
dislocation  caused  since  the  Triassic  beds  were  deposited  (where 
good  examples  of  sliekensides  occur)  ;  also  one  in  these  beds  but  not 
descending  to  the  Coal-measures — a  small  *  doubling '  or  overlap 
fault  in  the  Permian  marls,  and  contorted  denuded  surface  of  Coal- 
measures.  The  Coal-measures  are  highly  inclined.  It  may  be  well 
here  to  note  that  some  interesting  examples  of  contorted  coal  and  of 
•  overlap '  faults  are  to  be  seen  in  the  neighbouring  open-hole  work- 
ings to  the  south,  notably  in  those  of  Messrs.  Ensor  &  Co.,  The  Pool 
Works,  Woodville. 

Varieties  of  Coal-measure  clays,  and  of  the  other  clay-ironstone 
nodules,  of  '  peacock,'  or  iridescent  coal,  and  of  Coal-measure  fossils 
(marine?  moUusca,  coprolites,  eta),  may  also  be  obtained :  in  short, 
the  section  exposed  probably  exhibits  as  great  a  number  and  variety 
of  geological  and  mineralogical  details  as  could  be  found  anywhere 
within  so  limited  an  area. 

There  are  within  half  a  mile  or  so  of  this  exposure  several  other 
interesting  sections  of  some  of  the  same  beds,  and  of  others  besides, 
which  could  scarcely  fail  to  repay  a  visit ;  but,  as  the  excavations  go 
on  rapidly,  and  with  strata  lying  so  unconformable  as  these  do,  the 
geological  details  are  always  changing ;  in  fact  the  variegated  shale 
with  haematite  in  Wragge's  section  is  rapidly  thinning  out,  or  else 
being  obliterated  by  debris  thrown  back,  or  by  land-slips. 

Vn. — Pal^ontologioal  Nomknolattjbk. 
By  S.  S.  BucKMAN,  F.G.S. 

THE  remarks  made  by  Mr.  Haddow  in  the  Geological  Magazine, 
Decade  III.  Vol.  IV.  p.  619,  seem  to  demand  a  reply. 
1. — He  complains  of  the  multiplication  of  generic  or  subgeneric 
names  of  Ammonites. 

2. —  He  laments  the  confusion  which  appears  to  have  arisen 
oonceming  what  have  hitherto  been  regarded  as  recognizable  species. 
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3. — He  suggests  that  the  trinomial  system  wonld  obviate  the 
necessity  of  any  of  these  changes  and  be  at  the  same  time  an 
advantage. 

In  regard  to  the  first  point,  I  would  remark  that  probably  no 
change  of  any   kind,   however  necessary,   can  be   made   witbont 
disturbing  those  who  have  heen  accustomed  to  other  ways,  and 
therefore,  it  is  right  that  those  who  make  these  changes  should  give 
some  reason  for  so  doing.     It  can  be  urged  that  scarcely  baa  the 
sound  of  the  protests  raised  against  the  subdivision  of  the  genni 
Ammonites  died  away,  but  the  proposal  to  still  further  subdivide  the 
subdivisions  is  started,  and  everything  is  again  unsettled.     Bat  I 
would  ask  if  pal83ontology  is  to  follow,  and  be  subject  to,  the  same 
laws  and  conditions  which  govern  other  sciences,  viz.  entomology, 
botany,  etc.  ?    Is  a  genus  to  be  considered  as  a  name  for  a  series  of 
species  having  certain  characteristics  in  common  which  at  the  same 
time  separate  it  from  other  series?     Is  it  not  wrong  to  inolnde  in 
the  same  genus  species  descended  for  a  long  time  through  entirely 
different  lines  of  ancestors?     But  do  the  present  generic  names 
satisfy  these  conditions?     Does  HarpaceraB,  which  included  such 
very  different   Ammonitea  as    bifrona,   inaigntB  and    Leveaquei,  i.e. 
Ammonites  descended  from  the  old   families  Arietes,  Armaiiy  and 
Natricea,  of  the  Lias,  fulfil  the  conditions  of  a  genus?     It  cannot; 
and,  therefore,  I  contend  that  it  is  necessary  that  the  range  of  a 
genus  should  be  narrowed.     I  place  in  the  same  genus  Ammamtea 
hifrona  and  Levisoni  which  agree  in  being  very  evolute,  in  having  an 
identical  suture-line,  and  quadrangular  whorls  with  furrows  on  each 
side  of  a  solid  carina,  but  differ  from  each  other  specifically  by  a 
persistent  but  slight  difference  in  ribbing.     On  the  other  hand,  I 
decline  to  put  into  that  genus  Ammonitea  which   have  sagittate 
whorls,  a  different  suture-line,  and  a  hollow  carina.     As  r^ards 
the  difiiculty  of  remembering  all  these  names,  I  would  point  ont 
that  this  is  no  more  than  we  meet  with  in  other  sciences,  and  any 
disadvantage  in  this  way  is   fully  compensated  by  the  advantage 
that  we  obtain  by  expressing  a  definite  idea  regarding  a  certain 
number  of  species.    The  number  of  genera  in  other  sciences  gives 
us  sufficient  excuse.     For  instance,  in  the  division  Oeomelera  of  the 
Lepidoptera  we  find,  in  Britain,  about  200  species  divided  into  17 
families  and  88  genera. 

Concerning  the  second  part  of  Mr.  Haddow's  letter,  I  do  not  con* 
aider  myself  to  blame  for  the  confusion  of  which  he  speaks.  He 
asks  whether  the  ''  well-known  specific  names  cannot  be  applied  in 
a  sufficiently  comprehensive  way  to  include  the  forms  which  the 
older  authorities  recognized  under  the  names  A.  aerpentinuayA.jurenaiSt 
and  A.  Sowerhyi,  respectively  ?  "  But  who  are  the  older  authorities  in 
this  matter  ?  Surely  they  are  those  who  in  the  first  place  imposed 
these  names  on  certain  definite  species  which  they  figured,  and  are 
we  to  perpetuate  a  mistake  because  since  then  certain  authors  and 
collectors  have  entirely  mistaken  the  identity  of  the  fossils  so  named  ? 
Mr.  Haddow  supposes,  I  fancy,  that  the  species  which  the  later 
authors  had  in  view  are  merely  varieties  of  what  the  older  authon 
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bad  namedy  and  that  now  there  is  ''  a  tendency  to  confine  a  species 
within  narrower  limits  than  heretofore."  I  contend,  however,  that 
this  is  not  the  fact,  hut  rather  that  we  are  in  possession  of  an 
increased  numher  of  new  forms  and  an  increased  amount  of  know- 
ledge oonceming  their  affinities  and  differences,  and  most  certainly 
it  is  not  the  fact  with  regard  to  the  species  which  he  quotes.  Am. 
BerpentinuB  is  not  only  not  the  same  species,  but  so  far  as  I  can  judge, 
not  even  the  same  genus  as  Am,falcifer,  The  large  Ammonite  figured 
as  jurensis  by  Dr.  Wright  is  not  only  most  certainly  not  Zieten's 
species,  but  is  even  characteristic  of  the  Opalinum-zone,  The  name 
Ammonites  jurensis  has  been  the  cause  of  some  singular  mistakes. 
I  believe  that  it  is  an  open  secret  that  when  Dr.  Wright  first  visited 
the  Dorset  Inferior  Oolite,  and  saw  the  large  Lytoceras  which  I  have 
since  named  Lyt,  confuswn,  he  mistook  it  for  Am,  jurensis,  and  there- 
fore classed  the  Inferior  Oolite  there  as  Lias,  considering  it  to 
be  on  the  same  horizon  as  the  Gloucestershire  Cephalopoda-bed. 
Is  not  this  an  instance  of  the  harm  that  can  be  done  by  extending 
the  scope  of  a  specific  name  ?  As  to  Am,  Sowerbyi,  it  is  none  too 
easy  to  exactly  determine  what  may  be  the  adult  form  of  the  small 
specimen  figured  by  Sowerby  ;  but  nevertheless  my  experience  is 
that  the  majority  of  Ammonites  labelled  Sowerby i  in  our  public  collec- 
tions have  but  little  to  do  with  that  species.  When  I  first  began 
collecting  ilmmontYe^,  I  found  that  all  spinous  falciform  Ammonites  of 
the  Inferior  Oolite  were  considered  to  be  either  Am.  Sowerbyi,  if  with 
large  coarse  spines,  or  Am.  variabilis^  if  compressed  and  with  less 
conspicuous  spines,  and  in  fact  the  unfortunate  meaning  of  the  latter 
name  was  an  excuse  for  placing  any  falciform  Ammonites  to  that 
species  that  could  not  well  be  located  elsewhere.  This  was  the 
method  of  **  general  geologists,"  and  the  species  they  so  named  had 
nothing  at  all  to  do  with  d*Orbigny's  Am,  variabilis  and  but  little 
with  Am."  Sowerbyi.  What  was  the  result?  The  ideas  about  the 
sequence  of  the  Inferior  Oolite  beds  and  their  correlation  with  those 
elsewhere  were  extremely  indefinite,  merely  owing  to  a  lax  deter- 
mination of  the  Ammonites. 

Now  I  come  to  the  trinomial  system.  Again  I  ask  why  should 
palsBontological  nomenclature  differ  from  that  of  all  other  sciences  ? 
Are  we  likely  to  get  other  sciences  to  change  their  now  well-estab- 
lished nomenclature  from  the  binomial  to  the  trinomial  system,  and 
if  not,  why  should  palaeontology  desire  to  be  peculiar?  The 
binomial  system  has  been  used  by  it  hitherto,  and  it  would  cause  as 
nmch  inconvenience  to  change  to  the  trinomial  system  as  it  will  to 
continue  the  binomial  and  without,  I  think,  the  same  advantage. 
Qiienstedt  has  used  a  trinomial  and  even  a  quadrinomial  nomenclature, 
but  in  a  haphazard  way,  and  when  we  come  to  such  a  name  as  his 
Ammonites  angulatus  compressus  gigas,  it  seems  to  me  that  we  have 
done  with  both  elegance  and  utility.  A  modified  trinomial  system 
is  practically  in  general  use  for  varieties,  and  may  well  continue  so, 
as  Ludwigia  Murehisona,  var.  obtusa.  But  supposing  that  the  name 
of  a  well-known  Ammonite  is  to  be  used  instead  of  the  new  generic 
Bamea,  I  would  ask  Mr.  Haddow  to  kindly  arrange  the  foUowixi^ 
species  under  a  trinomial  sjBtem,  viz. : — 
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Zudwiffia  Mwehiavnm, 


>>  ft 

,,  eornu. 


Tar.  obiuta. 


or, 


Lioe§ra8  eleffant, 
„  opalinum, 

II  I,  Tar.  eomptum. 

If  he  wrote  AmmoniteB  Murchisona,  Am.  Murchisona  ohtuMUSf  and 
Am,  Murchisona  comu,  he  would  place  Am.  cornu  in  the  same  rank 
as  the  variety  of  Murchisona^  which  would  not  meet  the  facts  of  tho 
case.  If  he  leaves  it  Am.  cornu,  he  does  not  show  its  relationship  to 
Am.  Murchisona,  as  I  do  hy  employing  the  word  Ludwigicu  Then 
would  he  write  Am.  elegans.  Am,  elegans  opnlinus,  and  Ammomiei 
elegans  opalinus  comptus  f  If  so,  I  fanoy  the  system  would  he  a  more 
cumbrous  obstacle  to  a  beginner  than  the  employment  of  many 
generic  names ;  but  if  he  wrote  Am.  elegans  comptus,  he  would  not 
state  the  facts  of  the  case,  which  are,  that  comptus  is  a  Tariety  of 
opalinus,  not  of  elegans.  Theni  what  rule  would  be  followed  with 
regard  to  choosing  the  Ammonite  which  should  be  the  leading  one  of 
the  group  ?  Surely  that  which  selected  the  oldest  known  member,  the 
one  from  which  probably  the  others  had  descended,  because  an  older 
species  could  hardly  be  placed  subordinate  to  a  younger  one,  which 
would  happen  by  any  other  method.  Therefore  we  choose  elegans  to 
be  the  dominant  name,  instead  of  using  the  new  generic  name  lAoceras; 
but  supposing  we  find  a  TJoceras  older  than  Am.  elegans,  and  such  a 
thing  is  not  unlikely  to  happen,  then  we  must  again  change  the 
dominant  name  throughout  the  group. 

As  regards  the  obstacles  to  beginners  that  these  names  present,  I 
would  remark  that  to  them  these  changes  do  not  present  the  same 
difficulty  as  they  do  to  one  who  has  been  accustomed  to  an  older 
system,  and  then  has  to  unlearn  and  learn  again.  The  beginner, 
never  having  learnt  an  old  system,  does  not  find  the  new  one  more 
unfamiliar  than  the  old.  Besides  which,  the  use  of  these  generic 
names  is  intended  to  point  out  and  emphasize  the  differences  in 
Ammonites  which  are  now  passed  over  owing  to  their  being  grouped 
in  such  large  numbers. 

Finally,  with  regard  to  the  zones ;  we  have  not  reached  perfection, 
and  must  effect  changes  of  name  as  our  knowledge  increases.  I,  too, 
can  point  out  a  zone  that  is  in  danger,  viz.  the  well-known  Sauzei' 
zone,  because  it  seems  most  probable  that  the  Am.  Sauzei,  d'Orbigny, 
was  previously  figured  as  Am.  contractus,  Sowerby ;  but  d'0rbigny*8 
figure  being  so  much  more  easily  recognized,  his  name  came  into 
more  general  use. 


VIII. — Notes  upon  Iok  Action  in  High  Latitudes. 

By  Professor  J.  W.  Spencer,  M.A.,  Ph.D.,  F.G.S. 

THESE  notes  are  intended  as  an  appendix  to  **  Notes  on  the  Erosive 
Power  of  Glaciers,  as  seen  in  Norway  "  {vide  this  MagazinXi 
Decade  III.  1887,  Vol.  IV.  No.  4,  p.  167). 

1.  The  object  of  my  visit  to  Norway  and  the  Alps  was  to  leave 
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oloset-geology  in  Amerioa,  in  order  to  make  personal  observations  of 
the  phenomena  associated  with  modern  glaciers,  —for  comparison  with 
those  in  the  region  of  our  Great  Lakes,  often  attributed  to  land-ice. 
My  conclnsions — that  simple  land  glaciers  are  not  great  eroding 
agents — are  greatly  strengthened,  not  merely  by  the  observations  of 
many  other  geologists,  but  particularly  by  those  of  various  explorers 
in  high  latitudes — some  of  which  are  given  here. 

2.  Herr  Payer  ^  states  that  the  snow-line  in  Franz  Josef  Land 
descends  to  within  1000  feet  of  the  sea  (this  is  lower  than  is  known 
anywhere  else  in  the  Arctic  regions),  and  that  numerous  glaciers 
discharge  great  quantities  of  icebergs  into  the  sea.  He  says: — 
"  However  diligently  I  looked  for  them,  I  never  saw  unmistakable 
traces  of  grinding  and  polish  of  rocks  by  glacial  action." 

3.  Lieutenant  Lockwood '  found  in  Central  Grinnell  Land  a  thick 
ice-cap  extending  for  a  distance  of  70-90  miles  or  more,  faced  by 
an  ice-wall  of  a  nearly  uniform  height  of  125-200  feet,  irrespective 
of  topographical  inequalities.  It  was  quite  free  from  rock-d^6rt», 
except  in  a  valley  confined  by  mountainous  walls,  thousands  of  feet 
high.  Along  its  foot  there  was  almost  an  absence  of  morainic  ridges, 
and  even  where  present  these  deposits  were  unimportant  fragments. 
The  general  absence  of  rocks  and  dirt  in  the  Arctic  glaciers  is  com- 
mented on  by  General  Greely,  who  observed  them  only  in  two  or 
three  glaciers.  The  glaciation  about  Lake  Hazen  was  not  recent. 
The  snow-line  in  this  high  latitude  of  Central  Grinnell  Land  is 
3800  feet  above  the  sea. 

4.  In  Spitzbergen,  with  a  lower  snow-line,  Baron  Nordenskjold ' 
found  striated  rock-surfaces  only  below  1000  feet.  The  same  holds 
good  with  regard  to  Labrador,  where  mountains  rise  6000  feet,  whilst 
the  glaciation  has  not  been  observed  above  1000-1600  feet  (Dr.  R. 
Bell).* 

5.  In  the  Antarctic  regions,  the  officers  of  the  "Challenger"* 
remarked  the  absence  of  cUbris  in  the  icebergs  seen  ;  although  Ross 
in  his  Antarctic  voyage  examined  volcanic  rocks  upon  some  of  them. 
These  volcanic  blocks  are  supposed  to  have  come  from  valleys  in  the 
mountains. 

6.  Indeed,  outside  the  valleys,  explorers  in  high  latitudes  have 
not  found  the  tools  for  great  erosion  in  the  margins  of  the  ice-caps 
visited.  The  continental  area  of  North  America  presents  much 
lower  and  less  abrupt  prominences  than  the  reliefs  of  Greenland, 
Grinnell  Land,  Spitzbergen,  or  Franz  Josef  Land.  Overhanging 
mountains  seem  to  be  necessary  to  furnish  tools  to  land  glaciers,  by 
which  alone  any  abrasion  can  be  accomplished,  and  these  conditions 
belong  only  to  the  valleys  of  great  mountain  ranges. 

7.  However,  there  is  one  condition,  under  which  glaciers  when 
shod  with  graving  tools  ought  to  be  great  eroders, — namely,  when 

"  New  Lands  within  the  Arctic  Circle,*'  1872-74,  Payer. 

**  Three  Years  of  Arctic  Service,"  1881-84,  Greely. 

See  Geological  Magazine,  1876. 

Hudson's  Bay  Expedition  of  1884. 

Notes  hy  a  Naturalist  of  the  *'  Challenger,"  1879,  Moseley. 
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the  motion  is  much  more  rapid  than  the  flow  of  land-ioe,  which  ii 
three  feet  a  day  or  less,  and  corresponds  to  the  experimental  move- 
ment— shown  by  Hen*  Pfaff, — under  which  oonditions,  as  seen  in 
Norway,  included  stones  commonly  adhere  by  friction  to  the 
subjacent  rocks,  and  cause  the  lower  surfaces  of  the  ice  to  be  grooved. 
Extraordinarily  rapid  movement  has  been  seen  at  Jaoobsbavn  glacier 
in  Greenland,  where  Prof.  A.  Helland '  found  that  the  velocity 
reached  40-60  feet  a  day.  In  Alaska,  Lieut.  Schwatka '  and  Prof. 
G.  F.  Wright  ^  observed  a  movement  of  40-70  feet  a  day.  In  these 
eases  the  glaciers  are  moving  into  the  sea,  and  a  new  element  of 
partial  flotation  or  sliding,  which  does  not  belong  to  the  glaciers  on 
land,  is  here  introduced,  llie  great  velocity  of  these  glaciers  is  far 
beyond  any  known  ability  of  ice  to  flow  as  a  plastic  body.  Con- 
sequently one  is  led  to  conclude  that  under  partial  flotation  stones 
may  be  held  flrmly  as  graving  tools  by  glaciers. 

8.  The  appeal  to  the  former  magnitude  of  ioe-masses  as  aooom* 
plishing  different  results  from  those  seen  at  present  seems  to  be 
begging  the  question,  for  the  action  under  a  greater  thickness  would 
differ  from  that  under  a  lesser,  in  amount  rather  than  in  kind,  for 
increased  pressure  upon  the  ice — raising  the  temperature — increases 
its  plasticity,  as  the  general  mass  is  not  below  freezing-pioint.  Con- 
sequently it  seems  improbable  that  stones  should  be  held  firmly  under 
the  changed  condition,  for  in  addition  to  the  increased  plasticity,  the 
friction  between  the  stones  in  the  ice,  and  the  rock,  is  also  increased 
by  the  greater  weight  of  ice. 

9.  Over  the  vast  area  of  action,  the  work  of  floating  or  sea-ice  in 
some  form,  is  enormous. 

On  the  northern  side  of  Hudson  Straits  Dr.  John  Rae,^  who  had 
veiy  extensive  Arctic  experiences,  found  that  snow,  drifting  over 
precipices  into  the  sea,  resulted  in  the  formation  of  bergs  100  feet 
thick  (filled  with  loose  rock-d^6ris  of  the  coast),  having  the  form  of 
the  shore  where  they  were  produced.  Most  of  the  bergs  break  loose 
and  drift  away  to  melt  or  become  stranded  elsewhere. 

10.  Greely  describes  the  great  momentum  with  which  floebeigs 
come  together,  and  by  their  meeting,  the  ice  is  crushed  and  forced 
up  into  ridges  60  to  60  feet  high. 

11.  One  cannot  carefully  read  the  results  of  the  last  British  Arotio 
Expedition  of  1875-76,  under  Sir  George  Nares,  without  being 
impressed  with  the  erosive  power  of  drifting  ice.  Floebergs  are 
pushed  upon  a  shelving  sea-bottom,  until  the  ice  has  risen  20 — 60 
feet,  after  their  first  stranding,  in  perhaps  only  48 — 72  feet  of  water, 
although  of  gigantic  weight.  As  the  grounded  floebergs  are  forced 
up  the  shelving  sea-bottom,  ridges  of  earth  and  stones  are  pushed  up 
in  front  of  them.  Floebergs  which  have  toppled  over,  thus  showing 
their  original  bottoms,  and  also  the  pushed-up  coast-ice,  are  found 
to  be  grooved  and   to  contain  angular  stones  with  their  exposed 

>  See  Q.J.G.S.  1877. 

'  N.Y.  Times  Alaska  Expedition,  1886. 

'  The  Muir  Glacier,  Amer.  Journ.  Sci.  1887. 

«  Canadian  Journ.  Toronto,  1859. 
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surfaces  soratohed  and  polished.  As  the  movement  is  greater  than 
the  possible  velocity  of  glaciers,  it  is  only  natural  to  expect  great 
erosive  effects  from  stones  held  as  graving  tools,  or  wrenched  out 
owing  to  the  brittleness  of  the  ice,  under  such  great  stress,  or 
from  loose  materials  roughly  thrust  forward  by  the  pack. 

12.  These  observations  and  those  of  Prof.  Milne  ^  in  Newfound- 
land, and  others  upon  the  action  of  coast-ice,  all  confirm  the  cor- 
rectness of  the  verdict  given  by  many  geologists,  especially  in 
Europe,  who  have  had  the  opportunity  of  studying  living  glaciers, 
viz.  that  the  potency  of  land-glaciers  as  great  eroding  geological 
agents  is  not  proven,  if  indeed  they  operate  at  all  in  such  a  manner. 


IX. — Tertiary  Outliers  on  the  North  Downs. 
By  the  Rev.  A.  Irving,  B.Sc.  (Lond.),  B.A.,  F.G.S. 

IN  "  Nature,"  August  26,  1886,  vol.  xxxiv.  p.  387,  I  ventured  to 
draw  a  distinction  between  the  outliers  of  unfossiliferous 
Tertiary  sands  found  at  high  altitudes  on  the  North  Downs  and  the 
deposits  containing  casts  of  fossils  of  Pliocene  age  which  are  found 
in  hollows  in  the  Chalk  at  Lenham.  Last  summer  I  visited  and 
examined,  I  believe,  all  the  more  important  outliers  of  the  former 
series,  Mr.  J.  Hutchins  French,  F.G.S.,  having  kindly  conducted 
me  to  those  at  Headley  and  Chipstead ;  those  at  Netley  were  visited 
with  other  members  of  the  Geologists*  Association  under  the  direction 
of  the  same  gentleman.  The  conclusion  at  which  I  have  arrived 
from  the  lithological  evidence  (and  there  seems  to  be  no  other  avail- 
able) is,  that  these  sands  are  more  probably  of  Bagshot  age  than  of 
any  other.* 

There  is  a  vast  amount  of  reconstructed  clay  material  capping 
these  hills  over  many  square  miles,  which,  in  colour  and  other 
characters,  points  to  its  original  deposition  as  part  of  the  Reading 
Beds,  and  in  these  unrolled  Chalk  flints  are  generally  sparsely 
distributed.  There  are  also  a  good  many  outliers  of  those  beds 
mapped  by  the  Survey  on  the  higher  parts  of  the  North  Downs.' 
But  there  appear  to  be  no  traces  of  London  Clay  or  of  the  Middle 
Bagshot  clays. 

Of  the  unfossiliferous  sands  referred  to,  those  exposed  in  the  sand- 
pit in  Chipstead  Wood,  and  those  seen  in  the  pit  on  Netley  Heath 
(where  only  one  section  occurs  of  undoubted  Tertiary  sands  in  situ, 
clearly  differentiated  from  the  overlying  *'  run-of-the-hill "  of  later 

*  See  Geolooical  Magazine,  Dec.  II.  Vol.  III.  No.  7,  p.  303,  1876. 

2  "  Nature,"  Oct.  16.  1887,  vol.  xxivi.  p.  631. 

'  Surely  these  are  the  patches  of  **  clay-with-flints  "  {Argile  a  ailez)  of  "W. 
Whitaker  and  the  PVench  and  Belgian  geologists.  —  II.  "W. — The  clays  referred  to 
are  quite  distinguishable  from  the  "clay-with-flints"  of  Mr.  Whitaker  and  the 
Survey,  if  by  that  terra  is  understood  the  insoluble  residue  frequently  found  on  the 
surface  of  the  Chalk,  the  calcareous  constituents  of  the  original  rock  having  been 
dissolved  away  by  carbonated  atmospheric  waters  ;  a  kind  of  deposit  known  to  the 
French  geologists  as  "argile  k  silex"  or  "terrain  superficiel  de  la  craie  **  (Memoir 
Le%  Camet  ActucUf  en  Geologie,  p.  306). — A.  I. 
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date)  are  the  exact  counterpart  in  every  way  of  the  Upper  Bag$hot 
Sands,  as  these  are  seen  in  the  interior  of  the  district ;  e,g.  about 
Sandhurst,  in  the  Fox  Hills,  and  at  Aldershot  Of  those  at  Headlej 
I  should  speak  with  more  reserve  as  to  their  being  Upper  Bagshot, 
although  I  saw  no  good  grounds  for  denying  that  they  might  repre- 
sent the  more  marginal  facies  of  the  beds  of  that  group.  There  is 
rather  more  distinctness  of  bedding  than  usual,  and  the  sands  are 
rather  less  loamy,  and  more  marked  by  colour-bands,  as  the  result 
of  subsequent  infiltration.  But  this  can  be  observed  even  in  the 
highest  beds  of  the  Fox  Hills  in  places,  and  elsewhere  in  the 
district. 

Associated  with  these  sands  on  the  Chalk  hills  at  Headley,  and  in 
the  dihris  of  the  hill-slope,  well-rounded  flint  pebbles  are  met  with 
in  great  numbers ;  at  Headley  they  constitute  a  large  proportion  of 
the  drift-gravel,  which  overlies  the  sands.  These  pebbles  are  so 
different  from  those  which  occur  in  the  days  on  the  Downs,  and  so 
closely  resemble  the  bluish  Bagshot  pebbles  of  Bearwood,  East- 
hampstead,  St  Anne's  Hill,  Chertsey,  Aldershot,  etc.,  that  it  seems 
impossible  to  deny  that  they  may  belong  to  the  same  formation. 
Sarsens  also  are  not  infrequently  met  with. 

So  far  as  the  evidence  goes,  we  seem  (though  it  is  not  very  strong) 
to  have  better  grounds  for  assigning  these  outlying  sands  to  the 
Bagshot  (and  perhaps  to  the  Upper  Bagshot),  than  any  which  has 
yet  been  brought  forward  for  assigning  them  on  the  one  hand  to 
the  Reading  Beds,  and  on  the  other  to  the  Pliocene.^ 

Assuming  that  they  are  of  Bagshot  age,  and  taking  their  present 
altitudes  (550  to  600  feet  above  O.D.)  into  account,  we  arrive  at  the 
interesting  and  important  result,  that  this  represents  approximately 
the  extent  of  the  post-Eocene  elevation  of  the  North  Downs  above 
the  sea  ;  and  the  differences  between  these  and  the  present  altitudes 
of  the  same  horizons  in  the  interior  of  the  Bagshot  area  (if  they 
could  be  precisely  identified)  would  represent  the  extent  of 
accentuation  which  the  Wealden  axis  has  undergone  since  the 
Eocene  period. 

The  extensive  prevalence  of  the  Reading  Beds  to  the  south  points 
to  a  later  date  for  the  elevation  of  the  Wealden  axis  than  that 
marked  by  those  beds;  while  the  presence  of  the  pebbles  in  great 
force  seems  to  indicate  that  the  Chalk  over  the  Wealden  area  was 
subjected  to  the  abrading  action  of  the  sea  to  a  large  extent  before 
the  Eocene  period  ^  came  to  an  end  (as  is  well  known) ;  and  to  such 
an  extent  was  this  carried  on,  that  even  the  Lower  Greensand  was 
exposed  to  the  action  of  denuding  agencies,  and  furnished  a  great 
part  of  the  materials  of  the  Upper  Bagshot,  in  which  scattered 
glauconitic  grains  occur  locally. 

*  See  Mem.  Geol.  Survey,  vol.  iv. 
^  Exclusive  of  the  Oligocene. 
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X. — On  the  Oooubbsnck  of  a  Glauoophank-bkaring  Rook 

IN  Anglesey. 

By  Prof.  J.  F.  Blakb,  M.A.,  F.G.S. 

rB  occurrence  of  glauoophane  has  not,  I  believe,  been  previously 
noted  in  Great  Britain,  and  as  it  is  a  mineral  of  some  interest, 
my  friend  Mr.  Teall  has  suggested  that  a  separate  notice  of  it  should 
be  given.  It  would  otherwise  be  naturally  described  in  the  Report 
on  the  Microscopic  Structure  of  Anglesey  Rocks  to  be  presented  to 
the  British  Association  at  their  forthcoming  meeting. 

The  rock  which  contains  the  mineral  in  question  has  already,  in 
a  certain  sense,  been  described  by  Prof.  Bonney  in  the  Quarterly 
Journal  of  the  Geological  Society,  vol.  xxxv.  p.  308,  in  the  follow- 
ing words : — 

"XTI.  Quarry  near  Anglesey  Monument. 

''  A  foliated  dense  felted  mass  of  a  dull  greenish,  rather  decidedly 
dichroic  mineral  (probably  a  species  of  chlorite),  and  of  small 
greenish  yellow  epidote  crystals,  with  a  few  angular  fragments  of 
quartz  (?),  and  two  or  three  scales  of  mica  (?  paragouite)." 

This  description  shows  that  the  specimen  which  afforded  it  was 
one  in  which  the  glauoophane  had  gone  over  into  chlorite,  which  it 
very  frequently  is  found  to  do.  In  fact,  there  are  many  exposures 
of  rock  around  the  Anglesey  Monument  and  to  the  south  of  it, 
which  obviously,  from  their  mode  of  occurrence  and  their  connection 
with  each  other,  all  belong  to  the  same  mass,  and  their  minute 
structure  is  of  the  same  type ;  but  in  most  the  colouring  mineral  is 
a  chlorite,  and  only  in  some  of  the  freshest  exposures,  or  in  particular 
spots,  is  the  original  glauoophane  seen.  Elsewhere,  by  identity  of 
structure  and  mode  of  recurrence,  we  may  still  recognize  portions 
of  the  same  mass  in  which  the  mineral  is  ordinary  hornblende. 

These  rocks  have  been  hitherto  taken  to  be  identical  with  the 
dark  schists  of  the  district  in  whush  the  prevailing  mineral  is 
chlorite,  and  only  recently  has  Dr.  Callaway,  at  the  British  Associa- 
tiouy  come  round  to  consider  some  of  them  igneous. 

The  beautiful  blue  tint  of  the  glauoophane  gives  a  very  rich  aspect 
to  the  rock  under  the  microscope,  by  which  the  long  crystals  of  this 
mineral  are  seen  enwrapping  and  felting  over  the  short  crystals  of 
epidote.  The  rock  is  so  very  foliated,  in  such  excessively  fine  lines, 
and  these  are  so  beautifully  contorted,  that  I  had  much  difficulty 
at  first  in  recognizing  it  as  igneous ;  and  since,  according  to  ray 
experience,  hornblende  in  Anglesey  is  limited  to  igneous  rocks, 
I  had  great  diflficulty  in  believing  this  blue  mineral  could  really  be 
glauoophane,  which  is  only  a  variety  of  hornblende.  However,  I 
showed  it  to  M.  Renard  at  the  meeting  of  the  British  Association, 
and  he  thought  it  would  probably  be  glauoophane,  and  I  therefore 
had  a  transverse  section  cut,  and  that  set  the  matter  at  rest 

Prof.  Rosenbusch  in  his  *'  Mikroskopische  Phj^siographie,"  p.  471, 
gives  the  following  as  the  characters  of  Glauoophane : — 
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**  It  occurs  always  in  prismatic  crystals,  bounded  by  tbe  faces  of 
•  00  P  (100)  and  occasionally  with  oo  P  bo  (010)  or  oo  P  ^-  (100), 
but  without  terminal  faces.  The  usual  cleavage  is  parallel  to  the 
prism  with  the  amphibole  angle  (124°  25'— 124°  44'),  and  the  blue 
colour  in  reflected  light  makes  it  easily  recognizable.  Besides  the 
cleavage,  there  is  a  very  characteristic  splitting,  in  which  it  particu- 
larly resembles  actinolite.  Glaucophane  in  the  amphibole  gronp 
corresponds  pretty  nearly  with  jadeite  amongst  the  pyroxenes.  The 
angle  of  extinction  as  measured  on  the  plane  of  symmetry  is  very 
small,  4° — 6°.  The  pleochroism  is  particularly  clear  and  fine 
—  c=  sky-blue  to  ultramarine,  rarely  blue-green;  &==  reddish 
violet  to  bluish  violet;  a  =  nearly  colourless  to  golden  green. 
S.G.  =  3*0— 3*1.  Glaucophane  appears  to  be  entirely  confined  to 
the  crystalline  schists  and  phyllites.  The  paragenesis  of  glauco- 
phane is  the  same  as  that  of  actinolite  and  common  hornblende,  it 
is  associated  with  diallage,  omphacite,  garnet,  epidote,  mica,  and 
rutile." 

The  characters  are  perfectly  possessed  by  the  mineral  in  the 
Anglesey  rock.  It  occurs  in  narrow  elongated  prisms,  which  are 
generally  twisted  round  the  epidote  grains,  and  run  into  each  other; 
but  in  clear  spaces,  filled  with  quartz,  some  isolated  narrow  crystals 
appear,  at  least  8  times  as  long  as  broad,  and  appearing  to  die  out 
like  wedges  at  either  end ;  in  other  words,  they  have  no  terminal 
faces.  These  prisms  seen  in  polarized  light  without  the  analyzer 
are  blue  when  their  long  axes  are  parallel  to  the  principal,  t.e.  the 
short  axis  of  the  Nicol,  and  nearly  colourless  when  perpendicular. 
In  ordinary  light  these  of  course  produce  a  lighter  tint  of  blue.  As 
the  mineral  passes  over  into  chlorite,  this  blue  changes  into  green, 
as  it  may  be  seen  to  do  in  a  single  slide.  As  the  long  axis  of  a 
hornblende  or  glaucophane  crystal  lies  near  to  c,  this  blue  is  the 
characteristic  one,  and  the  colour  seen  in  the  perpendicular  direction 
is  a  combination  of  the  other  two.  When  the  prism  is  cut  perpen- 
dicularly to  its  length,  a  rhombic  section  is  seen.  If  the  longer 
diameter  of  this  rhombus,  which  corresponds  to  h^  is  placed  parallel 
to  the  principal  plane  of  the  Nicol,  the  colour  is  dirty  violet; 
and  if  the  short  one  corresponding  to  a  is  so  placed,  the  crystal 
becomes  colourless.  With  regard  to  the  angles  of  this  rhombus,  its 
very  small  size,  '004  in.,  in  longer  diagonal,  and  the  uncertainty  of  the 
direction  in  which  it  may  be  cut,  renders  the  observation  not  very  close. 
But  the  acute  angle  in  three  distinct  trials  I  estimated  at  56°,  56°, 
and  65°  20',  giving  a  mean  of  56°  27',  or  for  the  obtuse  angle 
124°  33',  which  is  within  the  limits  given  by  Rosenbusch.  These 
are  the  usual  forms,  but  in  one  case  is  seen  a  rhomboid  whose  obtuse 
angle  was  estimated  at  125°,  and  which  would  therefore  probably 
be  obliquely  cut,  as  shown  also  by  one  pair  of  sides  being  lengthened, 
and  in  this  the  acute  angles  are  cut  oflf  by  narrow  planes  making 
equal  angles  with  the  two  sides.  While  therefore  the  rhombuses 
have  their  edges  formed  by  110,  this  shows  the  trace  of  the  010. 
I  have  not  observed  any  crystal  with  the  trace  of  100.  The  lines  of 
b  Cleavage  are  parallel  to  the  faces  of  the  rhombus.   With  regard  to  the 
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extinctions,  when  the  long  prisms  are  seen,  they  are  either  so 
matted  together  that  no  direction  of  edge  can  be  ascertained,  or  they 
float  in  quartz,  and  no  good  extinction  can  be  observed  ;  but  the 
darkest  phase  makes  a  large  angle  of  about  15^,  with  the  length 
of  the  prism. 

i 


Fio.  I. — Prism  of  glancopbane  seen  perpendicular  to  the  longer  axis  e. 
Fig.  2. — End  of  the  rhombic  prism  snowing  obtuse  an^le  of  1 24°. 
Fio.  3. — Prism  (110^  modified  by  planes  of  the  pinacoid  (010). 
Fio.  4. — Showing  plane  of  extinction  making  angle  of  16°  with  the   long  axis 
of  thepnsm. 

These  observations  leave  no  doubt  that  the  mineral  is  glaucophane. 
Its  associates  are  epidote,  rotile  (?),  quartz,  felspar  (?),  and  calcite. 
The  epidote  is  very  abundant  in  small  highly  polarizing  grains,  so 
that  the  rock  is  actually  a  glaucophane-epidote  rock.  As  epidote  is 
chiefly  characterized  by  its  lime,  and  glaucophane  by  its  soda,  we 
may  suppose  that  the  rock  is  essentially  a  diorite.  in  which  there 
would  normally  be  a  soda-lime  felspar  and  a  hornblende  ;  but  that 
either  at  its  formation  under  peculiar  circumstances,  or  by  later 
alterations,  the  soda  combined  with  the  hornblendic  ingredients  to 
produce  the  variety  glaucophane,  while  the  lime  caused  epidote  to  be 
substituted  for  felspar.  The  rock  is  singularly  free  from  garnets, 
though  one  patch  may  be  this  mineral.  There  are  also  a  number  of 
small  prismatic-looking  specks  of  a  rich  brown  colour,  which  are  some- 
times kneed,  and  which  may  possibly  be  rutile.  These  are  the  minerals 
essential  to  the  rock ;  the  others  have  been  produced  during  the 
squeezings  and  stretchings  to  which  it  has  been  subject.  Their 
interest  lies  in  the  fact  that  some  of  the  crystals  of  glaucophane  float 
freely  in  the  clear  crystalline  substance,  and  the  untorn  substance 
does  not  look  as  if  it  could  supply  such  crystals  by  tearing.  It  is 
thus  suggested  that  the  glaucophane  as  such  may  have  been  produced 
subsequently  to  the  infiltration  of  the  quartz. 

I  have  to  thank  my  friend  Mr.  Teal  I  for  suggestions  relating  to 
this  matter,  and  for  taking  the  trouble  to  verify  the  determination  of 
the  mineral. 


D 
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3^0a?I0ES   OIF   INCEIftJIOIRS. 

I. — Glaoiation  of  Salzach  District, 
Die    Yeroletsohbrung   des   Salzaohgebibtes    nebst    Beobach- 

TUNGEN    USER  DIE    ElSZEIT   IN  DER   SOHWEIZ.       VOn    Df.    EdUARD 

Bruckner.     Geographische  Abhandluugen ;  herausgegeben  voa 
Dr.  Albrecht  Penck.    Bd.  1.     (Vienna,  Hdlder,  1887.) 

|R.  BRUCKNER'S  paper  on  the  glaoiation  of  the  Salzach  district 
furnishes  us  with  another  chapter  in  the  history  of  the 
Glacial  period  on  the  northern  slopes  of  the  Alps.  Whilst  previous 
writers,  such  as  Al.  Favre  and  Falsan,  have  traced  out  the  develop- 
ment of  the  Rhone  glacier  of  the  ice  period,  and  Penck  has  worked 
at  the  glacial  deposits  between  the  Lake  of  Constance  and  the  Chiem 
Lake,  the  present  author  has  chosen  the  district  of  the  Salzach, 
further  to  the  eastward,  as  the  field  of  his  observations,  and  has  in 
this  memoir  accumulated  a  great  amount  of  detailed  evidence  on  the 
extent  of  the  glaoiation,  its  effects  on  the  configuration  of  the  surface 
and  its  recurrence  at  distinct  intervals.  The  results  obtained  agree 
with  and  confirm  those  of  the  authors  above  mentioned  in  the  more 
westerly  districts  of  the  Alps. 

One  very  noticeable  fact  is  the  decrease  in  the  intensity  of  the 
glaoiation  in  passing  from  the  west  towards  the  east  This  is  well 
shown  by  the  author  in  a  table  in  which  a  comparison  is  made 
between  the  level  of  the  upper  surface  and  the  thickness  of  the  more 
important  Alpine  glaciers  at  their  points  of  issue  from  the  mountains, 
together  with  the  respective  distances  and  the  levels  to  which  they 
extended  from  the  foot  of  the  mountains  and  the  width  of  their 
outer  morainic  areas.  Thus,  for  example,  the  upper  surface  of  the 
ancient  Rhone-glacier  at  the  position  indicated  was  1500  metres  and 
its  thickness  1300  metres;  it  reached  170 kilom.  from  the  mountains, 
and  descended  to  a  level  of  300  m.  The  old  Salzach  glacier,  on 
the  other  hand,  was  only  650  m.  in  thickness,  and  its  upper  surface 
1050  m.,  whilst  it  only  reached  32  kilom.  from  the  mountains,  and 
not  lower  than  500  m.  The  height  of  the  snow-line  in  the  Salzach 
district  during  the  Glacial  period  is  estimated  at  1200  m. 

The  author  points  out  the  very  distinctive  character  of  the  two 
zones  of  ancient  moraines ;  an  outer,  distinct  petrographically  as 
well  as  by  its  having  a  covering  of  Loess  or  of  a  fine  clay  of  a 
similar  character,  and  an  inner  moraine  which  has  a  well-marked 
terminal  wall,  and  is  without  a  layer  of  Loess.  The  author  has 
ascertained  the  extension  of  the  inner  moraine  over  the  Loess  as  well 
as  over  the  outer  moraine,  thus  indicating  its  interglacial  age,  and  he 
has  further  discovered  no  fewer  than  seven  profiles  in  which  the  two 
moraines  were  clearly  separated  from  each  other,  either  by  the  Loess, 
or  by  important  beds  of  gravel  and  conglomerate,  thus  showing  an 
interglacial  interval  between  their  deposition.  The  high  terrace 
gravels  which  occur  beneath  the  outer  moraine,  and  the  lower  terrace 
ffimYels  deposited  in  advance  of  the  inner  second  moraine,  are  well 
III  llP&fliftijioif  in  the  Salzach  diatriot,  and  the  author  further  describes 
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a  third  series  of  widely-distributed  gravels,  which  are  believed  to 
iodicate  a  more  extensive  and  an  older  advance  of  the  glaciers. 

The  oharaoter  and  origin  of  the  lakes  not  only  of  the  Salzach 
district,  but  of  the  Linth  and  those  of  the  Nenenbnrg  group,  are 
fully  treated,  and  a  special  chapter  is  devoted  to  the  Glacial  deposits 
of  the  Lake  of  Geneva. 

The  text  is  aooompanied  by  several  figures  and  tables,  as  well  as 
by  three  elaborate  coloured  maps  of  the  district  described. 


IL — ^Thb  Matrix  of  the  Diamond.    By  Prof.  Carvill  Lewis. 

(Abstract  of  a  Paper  read  at  the  Manchester  Meeting  of  the  British  Association, 

September,  1887.) 

A  MICROSCOPICAL  study  of  the  remarkable  porphyritic  peri- 
dotite  which  contains  the  diamonds  in  South  Africa  demon- 
strates several  interesting  and  peculiar  features. 

The  olivine^  forming  much  the  most  abundant  constituent,  is  in 
porphyritic  crystals,  sometimes  well  bounded  by  crystal  faces,  at 
other  times  rounded  and  with  corrosive  cavities,  such  as  occur  in  it 
in  basaltic  rocks.  It  rarely  encloses  rounded  grains  of  glassy  bronzite, 
as  has  been  observed  in  meteorites.  The  olivine  alters  either  into 
serpentine  in  the  ordinary  way,  or  into  an  aggregate  of  acicular 
tremolite  crystals,  the  so-called  *ptlit,^  or  becomes  surrounded  by  a  zone 
of  indigo  blue  bastite — a  new  variety  of  that  substance.  The  olivine 
is  distinguished  by  an  unusually  good  cleavage  in  two  directions. 

Bronzite,  chrome  diallage,  and  smaragdite  occur  in  fine  green 
plates,  closely  resembling  one  another.  The  bronzite  is  often 
snrrounded  by  a  remarkable  zone,  with  a  centric  pegmatitic,  or 
chondritic  structure,  such  as  occurs  in  certain  meteorites.  This 
zone  is  mainly  composed  of  wormlike  olivine  grains,  but  a  mineral 
having  the  optical  characters  of  cyanite  also  occurs  in  tliis  zone. 

Biotite,  a  characteristic  constituent,  occurs  in  conspicuous  plates, 
often  twinned,  generally  rounded,  and  distinguished  by  its  weak 
pleochroism,  a  character  peculiar  to  the  biotite  of  ultra-basic  eruptive 
rocks.     It  alters  by  decomposition  into  the  so-called  Vaalite, 

Perowshite  occurs  in  very  numerous  but  small  crystals,  which 
optically  appear  to  be  compound  rhombic  twins. 

Pyrope  is  abundant  in  rounded  red  grains.  Titanic  iron,  chromic 
iron,  and  some  fifteen  other  minerals  were  also  found.  Rutile  is 
formed  as  a  secondary  mineral  through  the  alteration  of  olivine  into 
serpentine,  being  a  genesis  of  rutile  not  heretofore  observed. 

The  chemical  composition  shows  this  to  be  one  of  the  most  basic 
Tocks  known,  and  is  a  composition  which  by  calculation  would 
belong  to  a  rock  composed  of  equal  parts  of  olivine  and  serpentine, 
impregnated  by  calcite. 

The  structure  is  at  the  same  time  porphyritic  and  brecciated,  being 
one  characteristic  of  a  volcanic  rock  which  after  becoming  hard  had 
been  subjected  to  mechanical  movements.  It  is  a  volcanic  breccia, 
but  not  an  ash  or  tufif,  the  peculiar  structure  being  apparently  dua 

PICADM  in.'^YOL.    Y. — ^.VO.  IIU  ^ 
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to  sncoessive  paroxysmal  eruptions.  A  similar  strncture  is  known 
in  meteorites^  witb  which  bodies  this  rock  has  several  analogies.  A 
large  amount  of  the  adjoining  bituminous  shale  is  endosedy  and  has 
been  more  or  less  baked  and  altered.  The  occurrence  of  minute 
tourmalines  is  evidence  of  fumarole  action. 

The  microscopical  examination  supports  the  geological  data  in 
testifying  to  the  igneous  and  eruptive  character  of  the  peridotitey 
which  lies  in  the  neck  or  vent  of  an  old  volcano. 

While  belonging  to  the  family  of  peridotites,  this  rock  is  quite 
distinct  in  structure  and  composition  from  any  member  of  that  group 
heretofore  named.  It  is  more  basic  than  the  picrite  porphyrites,  and  is 
not  holocrystalline  like  dunite  or  saxonite.  It  is  clearly  a  new  rock- 
type,  worthy  of  a  distinctive  name.  The  name  KimherUte^  from  the 
famous  locality  where  it  was  first  observed,  is  therefore  proposed. 

Kimberlite  probably  occurs  in  several  places  in  Europe,  certain 
garnetiferous  serpentines  belonging  here.  It  is  already  known  at 
two  places  in  the  United  States :  at  Elliott  County,  Kentucky,  and 
at  Syracuse,  New  York ;  at  both  of  which  places  it  is  eruptive 
and  Post-Carboniferous,  similar  in  structure  and  composition  to  the 
Kimberley  rock. 

At  the  diamond  localities  in  other  parts  of  the  world  diamonds 
are  found  either  in  diluvial  gravels  or  in  conglomerates  of  secondary 
origin,  and  the  original  matrix  is  difficult  to  discover.  Thus,  in 
India  and  Brazil  the  diamonds  lie  in  conglomerate  with  other 
pebbles,  and  their  matrix  has  not  been  discovered.  Becent  observa- 
tions in  Brazil  have  proved  that  it  is  a  mistake  to  suppose  that 
diamonds  occur  in  itacolumite,  specimens  supposed  to  show  this 
association  being  artificially  manufactured.  But  at  other  diamond 
localities,  where  the  geology  of  the  region  is  better  known  than  in 
India  or  Brazil,  the  matrix  of  the  diamond  may  be  inferred  with 
some  degree  of  certainty.  Thus,  in  Borneo,  diamonds  and  platinum 
occur  only  in  those  rivers  which  drain  a  serpentine  district,  and  on 
Tanah  Laut  they  also  lie  on  serpentine.  In  New  South  Wales,  near 
each  locality  where  diamonds  occur,  serpentine  also  occurs,  and  is 
sometimes  in  contact  with  Carboniferous  shales.  Platinum,  also 
derived  from  eruptive  serpentine,  occurs  here  with  the  diamonds. 
In  the  Urals,  diamonds  have  been  re[>orted  from  foiir  widely 
separated  localities,  and  at  each  of  these,  as  shown  on  Murchison's 
map,  serpentine  occurs.  At  one  of  the  localities  the  serpentine  has 
been  shown  to  be  an  altered  peridotite.  A  diamond  has  been  found 
in  Bohemia  in  a  sand  containing  pyropes,  and  these  pyropes  are 
DOW  known  to  have  been  derived  from  a  serpentine  altered  from  a 
peridotite.  In  North  Carolina  a  number  of  diamonds  and  some 
platinum  have  been  found  in  river  sands,  and  that  State  is  dis- 
tinguished from  all  others  in  eastern  America  by  its  great  beds  of 
peridotite  and  its  abundant  serpentine.  Finally,  in  northern  Cali- 
fornia, where  diamonds  occur  plentifully  and  are  associated  with 
platinum,  there  are  great  outbursts  of  Post- Carboniferous  eruptive 
serpentine,  the  serpentine  being  more  abundant  than  elsewhere 
in  North  Amenca.     At  all  the  localities  mentioned  chromic  and 
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titanio  iron  ore  occur  in   the  diamond-bearing  sand,  and  both  of 
these  minerals  are  characteristic  constituents  of  serpentine. 

All  the  facts  thus  far  collected  indicate  serpentine,  in  the  form  of 
a  decomposed  eruptive  peridotitCy  as  the  original  matrix  of  the 
diamond. 

.  TIL — Permiax  Fossils  from  Spitzbebgek. 

Anmarknikoab  om  Permfossil  FRAN  Spetsbergen,  af  Bernhard 
LuNDGREN.  Bihang  till  E.  Svenska  Yet.  Akad.  Haudlingar.  Bd. 
13  (1887),  Afd.  iv.  No.  1,  pp.  3—26,  t.  1. 

THE  fossils  from  Spitzbergen  which  by  de  Eoninok  ^  and  Qeinitz 
were  accepted  as  proving  the  Permian  character  of  the  beds  in 
which  they  occurred,  were  shown  subsequently  by  Lindstrom  to  be 
associated  with  species  which,  in  other  localities,  are  distinctly 
characteristic  of  the  true  Carboniferous  Limestone,  and  the  Spits- 
bergen strata,  in  which  this  intermingling  of  Carboniferous  and 
Permian  fossils  takes  place,  have  therefore  been  termed  the  Permo- 
carbon  series.  In  the  Swedish  expedition  to  this  island  in  1882, 
Nathorst  and  De  G^er  discovered  in  Belsund  and  Tcefjord  a  series  of 
rocks,  principally  shales  and  sandstones,  reaching  a  thickness  of  about 
iOO  metres,  which  rests  upon  the  thick  mass  of  cherty  and  siliceous 
rocks  of  the  Permo-carbon  series,  and  are  overlaid  by  rocks  with  Trias 
fossils.  A  scanty  fauna,  entirely  marine,  was  found  in  this  sandstone 
and  shale  series,  and  is  described  in  this  paper  by  Prof.  Lundgren. 
It  consists  principally  of  small  Brachiopods  and  Lamellibranchs 
with  a  single  Coral,  Sienopora  columnaria,  Sohlot.  Some  of  these 
forms  are  identical  with,  and  others  are  closely  allied  to,  those  in 
the  Permian  series  of  England,  Germany,  Petschora-land,  and  the 
North-west  of  North  America.  In  these  Spitzbergen  rocks  all  the 
fossils  are  distinctly  of  a  Permian  type,  and  the  Carboniferous  Lime- 
stone forms  have  quite  disappeared,  thus  showing  a  gradual  extinction 
of  these  latter  before  the  deposition  of  this  series,  which  may  justly 
be  r^arded  as  Permian.  Prof.  Lundgren  figures  the  new  forms, 
which  are  of  a  dwarfed  character.  6.  J.  H. 


IV. — Pbelimtnart  Observations  on  the  Geology  of  Wicklow  and 
Wexford.     By  Professor  Sollas,  LL.D.,  F.G.S. 

OF  rocks  older  than  the  Cambrian  examples  probably  occur  in  the 
Camsore  district,  but  most  of  the  presumed  Archcean  rocks  are 
to  be  explained  as  crushed  igneous  dykes  aud  flows.  The  Cambrian 
are  certainly  unconformably  succeeded  by  the  Ordovioian. 

The  main  granite  of  the  district  is  a  truly  intrusive  rock ;  but  at 
its  junction  with  the  Ordovioian  which  it  penetrates,  it  possesses 
the  characters  of  a  true  gneiss,  the  scbistosity  of  which  corresponds 
in  direction  with  that  of  the  acljoining  schists,  having  resulted  from 
earth-movements  which  took  place  after  the  Ordovioian  and  before 
the  Lower  Carboniferous  period. 

1  BuU.  de  I'Acad.  Royale  de  Belgique,  ser.  1,  vols.  13,  16. 
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I. — On  the  Stbuoture  and  Classification  of  thb  Mbsozoio 
Mammalia.  By  Dr.  Henbt  F.  Osbobn.  Proo.  Aoad.  Nat  Sci 
Philadelphia,  June  2l8t,  1887. 

THIS  paper  is  an  outline  of  Professor  Osbom's  obseryations 
<*  upon  the  structure  of  the  British  Mesozoio  Mammals  and  a 
Classification  of  the  Mesozoic  Mammals  in  general,  in  view  of  their 
relationship  to  each  other  and  to  recent  orders."  The  author,  who 
is  well  known  by  his  numerous  palsBontological  and  morphological 
researcbes  conducted  in  the  Princeton  College  laboratories,  has  had 
the  opportunity  of  examining  the  type-specimens  of  all  the  Mesozoic 
Mammals  hitherto  described,  except  four.  The  results  of  so 
extended  a  study  are  thus  of  unusual  interest  and  significance.  After 
some  preliminary  remarks,  a  series  of  notes  are  offered  upon  the 
English  fossils,  described  by  Owen;  and  the  succeeding  larger 
section  of  the  paper  is  occupied  with  a  general  scheme  of  classification. 

Beferring  first  to  the  Stonesfield  Slate  jaws,  Dr.  Osbom  remarks 
that  three  distinct  genera  are  commonly  included  under  the  name 
Amphitherium.  The  molar  of  Amphitheritim  proper  (type  A.  Prevostii) 
is  bicuspidate,  with  a  low  posterior  heel ;  that  of  Amphitylus,  gen. 
nov.,  has  three  blunt  cusps  and  an  internal  cingulam  ;  while  that  of 
Amphilestes,  Owen  (type  ^.  Broderipii),  has  three  prominent  cusps, 
and  a  pronounced  cingulum,  encircling  the  crown.  The  lower  dental 
formula  of  Fhascolotherium  is  given  as  i.  4,  c.  1,  pm.  0,  m.  7. 

Triconodon  is  the  first  Purbeck  genus  remarked  upon.  Dr.  Osbom 
points  out  that  in  this  primitive  form,  the  fourth  premolar  early 
replaces  a  molariform  milk-tooth,  and  the  fourth  true  molar  is  very 
late  in  rising,  thus  agreeing  precisely  with  the  mode  of  succession 
determined  by  Professor  Flower  in  certain  existing  Marsupials. 
Triacanthodon  consequently  becomes  a  synonym  of  Triconodon, 
Fhascolestes  is  considered  to  be  quite  distinct  from  Peralestes,  and 
Leptocladus  from  Stylodon.  SpalacoiJierinm  has  the  lower  dental 
formula,  i.  ?  2,  c.  1,  pm.  4,  m.  6.  The  maxilla  referred  by  Owen 
to  Stylodon  must  be  removed  to  a  distinct  genus,  Kurtodon,^  charac- 
terized by  the  compact  arrangement  and  peculiar  wearing  pattern  of 
the  crowns,  and  a  new  enlarged  figure  is  given  in  illustration.  The 
maxillary  formula  of  Bolodon  is  found  to  be  i.  ?  2,  c.  0,  pm.  3,  m.  4, 
and  the  characters  of  these  teeth  are  also  shown  in  a  woodcut. 

The  following  is  a  synopsis  of  the  proposed  classification  : — 

I.   MuLTiTUBEROULATA. — One    incisor  greatly   developed   at  the 

expense  of  the  others  and  of  the  canine ;  diastema,  var^'ing  in  width, 

in  front  of  the  premolars ;  molars  characterized  by  two  or  more 

antero-posterior  rows  of  tubercles  separated  by  longitudinal  valleys 

or  grooves. 

Fam.  1.  FlagiaulacidsB.     Ctenaeodon^  Ploffiaulax,  Piilodut,    (Also  the  Tertary 

Neoplagiaulax.) 
Fam.  2.  Bolodontidse.     Bolodon,  Allodon, 
Fam.  3.  TritylodontidsB.     Trityhdm, 

'  In  the  original  paper,  the  preoccTipied  teem  Athrodon  is  employed.    This  is 
replaced  by  £urtodon  in  the  "  Amcr.  Nat.,"  ISo^.  \«^1  ^-^^  Wtfi. 
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T  n.  Skgokd  Qkoup. — Incisors  numerous  and  sub-equal  in  size; 
ttnines  large ;  usually  no  diastema ;  premolar-molar  series  usually  in 
excess  of  ^e  typical  number ;  molars  cusped  rather  than  tubercular* 

A.  JuraBite  Mammals, 

(L)  CamivorouB,  Canines  large,  erect, ;  molars  with  strong 
internal  cingulum ;  premolars  with  basal  cusps ;  condyle  of 
mandible  low,  and  ooronoid  process  broad. 

Fam.  1.  TriconodontidflB.     Drieonodon  (^TriaeaHthodon-i'Jhriacodmt)^  Amphu 

leaUi,     (?)  Amphitylui  and  Amphitksrium. 
Fam.  2.  PhaiooloiheridflB.     Tmodon,  Fhauolothtrium. 
Fam.  3.  Spalacotherids.    MenaeodoHj  Spaiaeot  her  turn, 

(ii.)  Omnivorous.    Lower  canines  large,  erect ;  molars  with  more 

or  less  prominent  internal  row  of  low  cusps ;  condyle  usually 

on  or  below  the  molar  level. 

Fara.  4.  FeralestidaD.     PeraUitea,  Fertupalax. 

Fam.  5.  PaurodontideB.    Faurodon, 

Fam.  6.  Diplocynodontidffi.    DoeodoHf  Diplocynodon^  Enneodon^  (?)  Feramut. 

(iiL)  Insectivorous.    Incisors  procumbent  and  spatulate ;  canines 

small ;   molars  without  cingulum ;   condyle  high,  coronoid 

process  slender. 

Fam.  7.  AmblotheridaD.     Achyrodon^  Jmblotherium, 

Fam.  8.  Stylodontidffi.  Stylodon(-Stylaeodon),Ae9ihenodon,LaodantDryoUtiMp 
Fhateoi€$tet. 

(iv.)  Herbivorous,     Molars  without  cusps. 
Fam.  9.  Kurtodontid®.    Kurtodon, 

B.  Triassic  Mammals   (Protodonta,  ?new  order). 
Fam.  10.  Dromatheridao.     Dromatheriumy  Microconodon, 

It  is  now  generally  admitted  that  many  of  the  genera  embraced 
in  Cope's  Multituberculata  were  Marsupials,  and  Dr.  Osbom 
regards  this  group  as  most  probably  a  suborder  of  the  Marsupialia. 
Tbe  second  group,  however,  is  of  a  very  different  character,  and 
Prof.  Marsh  has  raised  its  Jurassic  members  to  the  rank  of  a  new 
order  [see  Geol.  Mag.  July,  1887].  This  arrangement  presents 
Bome  difficulties,  and  Dr.  Osborn's  concluding  remarks  are  devoted 
to  these  as  follows : — "  It  is  impossible  to  find  a  single  common 
character^  or  set  of  characters  for  these  genera  which  is  of  ordinal 
value.  On  the  other  hand,  there  are  many  grounds  for  placing  the 
Triconodontida,  Feralestidcdf  and  Kurtodontidce^  and  their  affiliated 
families,  in  or  near  the  ancestral  lines  of  the  modern  DasyuridcB  and 
Phascolomyida  respectively,  while  the  Styhdontida  are  similarly 
related  to  the  [Placental]  Chrysochlorida,  These  grounds  may  be 
partially  stated.  (1)  Triconodon  has  one  more  premolar,  but  other- 
wise resembles  Thyladnus  both  in  the  structure  of  the  mandible  and 
in  the  form  and  succession  of  the  teeth.  (2)  Peraspalax,  although 
much  more  imperfectly  known,  is  allied  to  Dasyurus  in  its  molar 
structure.  (3)  Kurtodon,  altliough  differing  from  Phascolomys  in 
the  possession  of  a  large  canine,  shows  a  marked  resemblance  to 
this  genus  in  the  molar  structure.  ...  In  the  Amhiotherida  and 
Slylodontida  we  probably  have  a  line  of  Insectivora.     Dryolestes  has 

^  The  mylohyoid  grooTO  is  uniTeraally  present,  hat  is  also  {o\md  in  Myrmecobiui, 
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a  molar  pattern  which  is  not  ohserved  in  any  Marsapial,  bat  is  seen 
in  Chrysochloris  among  the  Insectivora.  Since,  howeyer,  it  is' 
eommon  for  Marsupials  to  mimic  the  dentition  of  other  orders,  this 
relationship  mast  be  held  with  some  reserve."  A.  S.  W. 

n. — Depabtmbnt  of  Mimes,  New  South  Walks. 

(1.)   Annual  Report  of  the  Depabtment  of  Mihss,  Nkw  South 

Wales,  fob  yeab  1886.    Sydney,  1887. 
(2.)  Geology  of  the  Vegetable  Cbeek  Tin-Mintko  Field,  New 

England  District,  New  South  Wales.     By  T.  W.  Edoewobth 

David,  B.A.,  F.G.S.  Department  of  Mines,  Sydney,  1887. 
rilHE  annual  report  for  the  most  part  consists  of  details  of  the 
X  nature  and  amount  of  work  carried  on  in  the  various  mines  of 
gold,  silver,  tin,  copper,  coal,  and  other  minerals  in  different  parts  of 
the  country,  as  well  as  of  the  character  and  prospects  of  the  newly 
discovered  mineral  districts  by  the  geologiccd  surveyors,  under  the 
direction  of  Mr.  C.  S.  Wilkinson,  F.G.S.,  the  head  of  the  Survey.  Of 
more  than  local  interest  is  a  report  on  New  South  Wales  Diamonds, 
hy  Thos.  Davies,  F.G.S.,  and  Eobt.  Etheridge,  jun.,  in  which,  amongst 
other  things,  they  point  out  that  the  diamonds  from  this  conntry,  in 
their  physical  characters  are  more  nearly  allied  to  those  of  Brazil 
than  of  any  other  country  :  that  they  are  of  greater  hardness,  which 
is  a  disadvantage  as  regards  the  cost  of  cutting,  but  on  the  other 
hand  they  are  extra  brilliant.  The  diamonds  occur  in  drift  which 
may  be  loose  and  coarse,  and  in  places  passes  into  a  compact  con- 
glomerate. This  drift  is  due  to  fluviatile  action  at  different  geolo- 
gical periods.  Thus  there  is  no  resemblance  to  the  diamantiferous 
rock  of  the  celebrated  Eimberley  mines  of  South  Afrioa.  Mention 
is  made  of  the  discovery  of  specimens  of  Mattodonsaurus  in  the 
Hawkesbury  series  at  Cockatoo  Island,  and  of  a  new  species  of 
anivalve  shell  which  is  described  by  Mr.  Robert  Etheridge  as 
TremanotuB  maideni,  thus  belonging  to  a  genus  hitherto  only  known 
from  the  Silurian  rocks  of  North  America  and  Europe.  The  form 
described  is  from  the  Hawkesbury  sandstone,  but  there  is  a  possibility 
that  it  may  have  been  contained  in  a  boulder  of  an  older  date. 

The  volume  on  the  Vegetable-Creek  Tin-mining  Fields,  by  Mr. 
Edge  worth  David,  gives  a  detailed  account  of  the  geological  structure 
of  the  district  accompanied  by  maps  and  sections.  The  tin-stone  is 
met  with  principally  in  gravels,  some  of  which  are  of  Post-Tertiary 
age,  whilst  others  are  beneath  massive  beds  of  basalt  and  other 
eruptive  rocks.  The  source  of  the  tin-stone  has  been  traced  to  veins 
in  granite  which  occurs  plentifully  in  the  district.  G.  J.  H. 


Geological  Society  of  London. 
I— January  25,  1888.— Prof.  J.  W.  Judd,  F.R.S.,  President,  in 
the  Chair. — The  following  communications  were  read  : — 

1.  ''On  Ailurus  anglicuSf  a  new  Carnivore  from  the  Red  Crag.** 
^jr  Prof.  W.  Boyd  Dawkins,  M.A.,  ¥.K.8.,  F.G.S, 

The  specimen  described  is  a  smaW  ixagmfin^.  ol  VN;i^  yv^\.  Vs^^t 
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jftw  wiUi  the  last  three  molar  teeth  in  position,  and  belongs  to  the 
Orag  oolleodon  of  the  Yorkshire  Philosophical  Society.  It  differs  in 
a  marked  degree  from  all  fossil  European  Carnivores,  and  presents 
no  important  points  of  difference  when  compared  with  a  series  of 
jaws  of  recent  Ailwrua.  The  author  gave  a  description  of  the  fossil 
snd  comparison  of  it  with  AUurus  fidgens,  and  also  a  table  giving 
the  comparative  measurements  of  the  teeth  and  jaws  of  the  fossil 
and  of  recent  AUuri.  The  species  from  the  Crag  was  a  more  powerful 
animal  than  any  recent  Ailuri  in  the  British  Museum.  The  paper 
oondaded  with  a  notice  of  the  range  of  AUurus  in  space  and  time. 

2.  "A  Contribution  to  the  Geology  and  Physical  (Geography  of 
the  Cape  Colony."    By  Prof.  A.  H.  Green,  M.A.,  F.R.S.,  F.G.S. 

The  account  given  in  this  paper  of  the  geology  of  Cape  Colony 
was  founded  on  observations  made  during  a  visit  to  the  country  of 
four  months'  duration  for  the  purpose  of  reporting  upon  the  coaL 
A  considerable  portion  of  the  colony  was  traversed  by  the  author, 
sod,  owing  to  the  clear  atmosphere  and  the  barrenness  of  the 
surface,  the  rocks  were  unusually  well  seen.  Much,  too,  had  been 
ascertained  by  previous  observers. 

The  grouping  of    the  South-African    rocks  adopted    was    the 

following : — 

/  Volcanic  Beds,  9  d, 

o    ja»A*»iTw>«i»  TUA,     J  Cave  Sandstone,  9  e, 
».  Stonnberg  Beds     J  Red  Beds,  9  *. 

V  Molteno  Beds,  9  a. 
8.  Karoo  Beds. 


Great  Unconformity. 


7.  Kimberley  Shales. 

6.  Ecca  Beds. 

6.  Dwjka  Conglomerate. 

Unconformity. 
4.  Qnartzite  of  the  Zunrbergen,  Zwartebergen,  and  Wittebergen. 
3.  BokkoTeldt  Beds. 
2.  Table-Monntain  Sandstone. 

Great  Unconformity. 
1.  Slates  and  intmslTe  Granite  of  the  neighbourhood  of  Cape  Town  (>f  almesbnry 
Beds). 

Of  the  four  lowest  subdivisions  very  little  was  seen.  The  Bokke- 
veldt  Beds  had  yielded  fogsils  referred  to  Devonian.  The  detailed 
descriptions  commenced  with  the  Dwyka  Conglomerate,  which  was 
eoarse,  containing  both  rolled  and  angular  fragments,  the  matrix, 
which  was  ill  bedded,  resembling  granitic  detritus.  Some  of  the 
boulders  suggested  doubtfully  the  action  of  ice.  The  Ecca  Beds 
consisted  of  hardened  sandy  clays,  without  lamination,  and  often 
weathering  in  spheroids,  and  resembling  decomposed  basalt  or 
dolerite.  These  beds  in  the  Ecca  Pass,  north-east  of  Grahamstown, 
were  nearly  6000  feet  thick. 

The  Kimberley  Shales  were  mainly  grey  and  dark  sandy  shales, 
with  a  few  thin  layers  of  argillaceous  limestone.  At  their  base  a 
ooDglomerate,  resembling  the  Dwyka  Conglomerate,  was  sometimes 
found.  The  Karoo  Beds  were  red  and  purple  shales,  with  buff  or 
reddish  sandstone  containing  much  decomposed  felspar. 

The  Molteno  Beds,  also  sandstones  and  shales,  usually  ^i^^-  ^^^ 
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dark-ooloured,  assooiated  with  grits  and  oonglomerate,  contained  the 
only  useful  coals  of  the  colony.  These  coals  were  pecnliarly  lami- 
nated and  contained  much  ash ;  the  seams  were  destitute  of  sand- 
stones and  often  eroded  on  the  upper  surface.  These  oharaoters 
might  indicate  suhaqueons  origin.  Owing  to  the  irregularity  of  the 
seams,  the  views  generally  formed  of  the  coal-resources  of  the 
colony  may  he  exaggerated.  The  upper  suhdivisions  of  the  Storm- 
herg  Beds,  the  Red  Beds,  shales  and  sandstones  of  a  red  colour,  the 
Cave  Sandstone,  a  massive,  fine-grained  hed  150  feet  thick,  weather- 
ing white,  and  the  hedded  amygdaloidal  lava-flows  and  tuffs  that 
cap  the  whole,  were  hut  hriefly  noticed,  as  hut  few  opportunities 
had  offered  for  examining  them. 

Some  petrological  details  were  given  of  the  contemporaneous  and 
intrusive  traps,  all  appearing  to  contain  the  same  constituents  as  the 
overlying  suhcMerial  traps,  and  douhtless  belonging  to  the  same  series 
of  volcanic  outbursts. 

The  author  proceeded  to  review  the  lie  of  the  rocks  and  physical 
structure  of  the  country,  distinguishing  between  the  area  of  older 
rocks  near  the  coast  and  the  later  deposits  commencing  with  the 
Dwyka  Conglomerate  of  the  interior.  There  was  apparently  uncon- 
formity at  the  base  of  this  conglomerate ;  it  and  the  overlying  Eoca 
Beds  were  thrown  into  folds  and  occupied  the  Karoo  Plains,  whilst 
the  ranges  to  the  northward  were  formed  of  the  higher  beds,  all 
nearly  horizontal  and  resting  quite  unconformably  on  the  Ecca  Beds. 
These  ranges  had  been  carved  out  by  denudation,  which  had  removed 
the  Molteno,  Karoo,  and  Stoimberg  Beds  to  the  south  and  north. 
The  view  advocated  by  Mr.  Dunn  that  the  Kimberley  Beds  north  of 
the  ranges  represented  the  Ecca  Beds  to  the  south  was  discussed, 
and  the  author  gave  reasons  for  dissenting  from  it,  and  classing  the 
Kimberley  Beds  as  a  higher  subdivision. 

Some  notes  on  more  recent  formations,  the  conglomerates  of 
Oliphant's  Eiver  and  superficial  deposits,  were  followed  by  a  su'mmary 
of  the  author's  conclusions  as  to  the  probable  geological  history  of 
South  Africa.  The  Bokkeveldt  Beds  are  shown  by  their  fossils  to 
be  marine,  and  possibly  all  the  formations  up  to  the  Zuurberg  Quart- 
zite  may  be  also  marine.  The  Ecca  Beds  have  yielded  no  fossils 
which  would  enable  us  to  decide  whether  they  are  marine  or  fresh- 
water ;  the  Kimberley,  Karoo,  and  Stormberg  Beds  are  looked  upon 
as  lacustrine. 

3.  "On  Two  New  Lepidotoid  Ganoids  from  the  early  Mesozoic 
Deposits  of  Orange  Free  State,  South  Africa."  By  A.  Smith  Wood- 
ward, Esq.,  F.G.S. 

Of  the  two  species  of  fishes  described  in  the  present  paper,  one 
was  founded  on  specimens  of  four  individuals  brought  to  England  by 
Dr.  H.  Exton  in  1883,  together  with  the  types  of  Tritylodon  and 
BhytidoateuSy  the  other  on  two  examples  recently  received  from  the 
same  source.  Both  were  from  the  Stormberg  Beds  of  the  Upper 
Karoo  series. 

After  giving  further  details  of  the  structure  of  both  forms,  and 
deBcribiDg  the  head  and  opercular  fold,  appendicular  skeleton  and 
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scales  in  each,  the  author  showed  that  one  species  mnst  be  referred 
to  the  genus  Semionoius,  and  was  most  nearly  allied  to  the  American 
types  referred  by  Sir  P.  Egerton  to  Ischypterus.  For  this  species 
Uie  name  of  Semionotus  capenats  was  proposed. 

The  other  species  agreed  in  its  characters  with  the  Platysomidce, 
-and  was  especially  allied  to  the  genus  Tetragonolepis ;  but  the  nearest 
ally  of  all  was  a  fish  from  the  Hawkesbury  Beds  of  Australia, 
iJlUhrolepis  granulatus.  The  name  of  Clithrolepis  Extom  was  proposed 
ioT  the  new  South  African  species. 

IL— February  8,  1888.— Prof.  J.  W.  Judd,  F.R.S.,  President,  in 
the  Chair. — ^The  following  communications  were  read  : — 

1.  ''On  some  Remains  of  Squattna  Cranei,  sp.  nov.,  and  the 
Mandible  of  Belonostomus  cinctm,  from  the  Chalk  of  Sussex,  preserved 
in  the  Collection  of  Henry  Willett,  Esq.,  F.G.S.,  Brighton  Museum." 
By  A.  Smith  Woodward,  Esq.,  F.G.S. 

The  remains  referable  to  Squattna  consist  of  a  crushed  skull,  with 
the  mandibular  and  hyoid  arches,  and  an  associated  fragment  of  the 
pectoral  fin  with  dermal  tubercles.  The  fish  was  probably  about 
SO  inches  long.  There  are  some  difficulties  in  the  way  of  interpre- 
tation, but  the  form  and  relative  proportions  of  the  cranium,  etc., 
appear  to  be  similar  to  those  of  the  living  representative  of  the  genus. 
The  dentition  is  not  completely  preserved ;  the  teeth  near  the 
symphysis  of  the  mandible  are  relatively  high  and  slender,  while 
the  opposing  teeth  are  small.  The  great  relative  size  of  the 
Bpinous  dermal  tubercles  serves  to  distinguish  it  from  species  of 
Squatina  already  known.  The  anterior  lower  teeth  are  also  more 
Blender  than  in  the  existing  S.  angeltia. 

No  specimen  of  Belonoaiomm  has  hitherto  revealed  the  precise 
characters  of  the  dentition  or  the  relations  of  the  hindermost  bones. 
This  deficiency  is  now  supplied.  The  two  rami  occupy  only  one 
half  the  entire  length  of  the  jaw,  the  anterior  half  being  formed  by 
the  elongated  presymphysial  bone,  which  is  provided  with  a  powerful 
prehensile  dentition.  The  character  of  the  teeth  was  described  by 
the  author :  the  large  median  teeth  end  abruptly  at  the  posterior 
extremity  of  the  presymphysial  element,  but  the  small  lateral  teeth 
are  continued  backwards  upon  the  rami  of  the  jaw,  increasing  in 
size  and  becoming  relatively  shorter.  Further  details  were  given, 
and  the  evidence  shows  that  the  original  specimens  described  by 
Agassiz,  as  portions  of  the  mandibular  rami  of  Belonostomus  cinctua, 
Are  really  fragments  of  the  presymphysial  bone  of  this  species.  Some 
of  the  relations  of  Belonostomus  and  Aspidorhynchus  were  pointed  out. 

2.  "  On  the  History  and  Characters  of  the  Genus  Septastmay 
D'Orbigny  (1849),  and  the  Identity  of  its  Type  Species  with  that  of 
Glyphasir<Ba,  Duncan  (1887)."  By  George  Jennings  Hinde,  Ph.D., 
P.G.S. 

D'Orbigny  founded  the  genus  SeptastroBa  on  the  characters  of  a 
coral  from  the  Miocene  strata  of  Virginia,  which  was  named  8,  sub- 
ramosay  but  no  specific  description  was  given.     In  the  same  year     i 
(1849),  £dwards  &  Haime  accepted  the  genus  as  va\\d,  WV  ^V^x^   \ 
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&  subramosa  as  a  synonym  of  Astraa  ramoia,  Defranoe — an  appa- 
rently recent  species  of  coral  whioh  bad  previously  only  been  infomuUly 
described  by  Defrance.  Tbey  also  included  in  tbe  genus  8.  Farbeii, 
tbe  original  specimen  of  wbicb  was  from  tbe  Miocene  of  Maryland, 
and  at  that  time  in  tbe  collection  of  tbe  Geological  Survey  in 
London.  Later  on,  in  1852,  D'Orbigny  claimed  tbat  8.  Forbed 
was  but  a  synonym  of  bis  S,  aubramoaa.  There  is  good  reason  for 
regarding  this  as  correct,  but  owing  to  the  fact  tbat  D*Orbigny's 
name  aubramoaa  was  merely  nominal  and  without  description,  the 
later  name  of  S.  Forbeai,  Edwards  &  Haime,  must  be  allowed  to 
stand  for  the  type  of  the  geuus  Septaatraa. 

In  1861  de  Fromentel,  and  in  1867  Prof.  Duncan,  included  in 
Septaatraa  several  species  of  Jurassic  and  Liossic  corals,  which, 
however,  have  no  generic  relationship  to  the  type  form  of  tbe  genus 
from  the  Miocene  Tertiary. 

In  1887  Prof.  Duncan  read  a  paper  before  the  G^logical  Society, 
in  which  be  adopted  Septaatrcaa  Forbeat,  E.  &  H.,  as  the  type  of  a 
new  genus  OlyphaaircBa,  thus  leaving  in  Septaatraa  those  Liassio 
and  Jurassic  species  placed  therein  by  himself  and  de  FromenteL 
As  this  proceeding  is  contrary  to  recognized  rules  of  nomenclature, 
tbe  genus  Qlyphaatraea  will  have  to  be  abolished. 

In  the  type  form  of  Septaatraa,  now  in  the  Britisb  Natural- 
History  Museum,  the  walls  of  the  corallites,  though  closely  apposed, 
are  quite  distinct ;  the  theca  is  formed  by  the  extension  of  the  septal 
laminae ;  the  walls  and  septa  in  the  lower  portion  of  the  corallites 
are  very  thin,  but  the  upper  portion  of  the  corallites  are  so  infilled 
with  compact  stereoplasm  that  the  calices  are  extremely  shallow 
when  mature.  There  is  no  true  columella,  only  a  pseudo-columella, 
formed  by  the  union  and  partial  involution  of  the  inner  septal 
margins.  The  increase  is  inclusively  by  marginal  gemmation; 
fission  does  not  occur.  In  some  cases  linear  perforations  between 
tbe  septa  are  shown ;  these  appear  to  be  for  the  insertion  of  the 
mesenterial  muscles. 

Tha  septa  in  Septaatraa  consist  of  a  central  layer,  dark  in  micro- 
scopic sections,  the  primary  layer  of  v.  Koch  or  centre  of  calcifica- 
tion of  Bourne  and  Fowler,  enclosed  on  both  sides  by  layers  of 
compact  subcrystalline  stereoplasm.  In  longitudinal  fractures  the 
septa  frequently  split  in  the  centre  of  the  dark  or  primary  layer, 
and  thus  show  that  each  half  of  the  septum  consists  of  a  dark  and 
light  portion,  and  the  median  face  of  each  septal  lamina  exhibits 
transverse  growth-lines,  not  unlike  those  of  an  epitheca,  beneath 
which  are  delicate  longitudinal  ridges  and  grooves.  The  thecal  wall 
has  a  similar  structure  to  that  of  the  septal  laminae,  of  which  it  is 
an  extension. 

There  is  a  close  correspondence  in  the  septal  and  thecal  structure 
of  Septaatraa  to  that  of  the  recent  and  fossil  genus  Flabellum,  and 
in  this  genus  also  the  septa  occasionally  split  longitudinally  and 
show  the  same  growth-lines  on  their  median  faces. 

Only  two  species  are  included  in  Septaatraa,  as  now  defined^ 
VIZ.  S.  Forbesiy  E.  &  H.,  and  S.  (Columnar ia'i)  aexradiatOp 
Lonsdale,  ep. 
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S.  '^'On  tlie  Examination  of  Insolable  Besidnes  obtained  from  the 
OaiboniferoaB  Limestone  at  Clifton."    By  E.  Wethered,  Elsq.,  F.G.S. 

The  author  noticed  previons  olassifications  of  the  Carboniferons 
Luneetone  at  Clifton,  and  submitted  the  following  for  reference  in 
the  present  paper : — 

Gasboitifbbovs  LncBtTOKs  Sbbibs. 

feet 

Stage  C.  XJipper  Limeetones 100 

„     B.  Miadle  Limestones „ 1620 

y,     A.  Lower  Limestones  :^ 

1.  Black  Rock  490 

2.  Lower-Limestone  Shales 500 

990 

Total 2710 

The  limestone-forming  organisms  in  each  of  the  above  were 
mentioned,  and  the  methods  adopted  for  obtaining  the  insoluble 
residues  by  means  of  hydrochloric  acid  were  described.  A  table  of 
percentages  of  insoluble  residues  was  given  from  the  Lower  Lime- 
stone Shales  and  Black  Bock,  from  the  Oolitic  Beds,  Mitcheldeanta- 
Ws,  and  main  portion  of  the  Middle  Limestones,  and  from  the 
Upper  Limestones. 

Detrital  quartz  of  small  size,  with  a  few  grains  of  felspar,  tour- 
maline, and  zircon,  characterize  the  Lower- Limestone  Shales,  and  in 
one  variety  the  soft  tissues  of  organisms  are  represented  by  ferrie 
Mode,  which  in  the  case  of  crinoids  represents  the  whole  skeleton. 
Residues  of  the  Black  Bock  exhibit  slight  secondary  crystallization 
round  detrital  quartz,  whilst  amorphous  and  chalcedonic  silica 
become  more  plentiful.  Besidues  of  the  Middle  Limestone  consist 
to  a  less  extent  of  detrital  quartz  along  with  micro-crystals  of 
quartz,  amorphous  and  chalcedonic  silica,  and  less  frequently  of 
pyrites,  tourmaline,  and  zircon ;  sponge-spicules  are  also  noted. 
Towards  the  top  of  the  Middle  Limestones  the  proportion  of  detrital 
quartz  increases,  and  the  deposit  of  secondary  silica  on  the  surface  of 
quartz-grains  is  less  marked. 

The  nature  of  the  amorphous  and  chalcedonic  silica  in  the  lime- 
stone, and  the  relations  of  this  silica  to  the  small  quartz-crystals, 
were  also  discussed.  The  latter  were  shown  in  some  instances  to 
possess  nuclei  of  detrital  quartz,  and  where  this  is  not  the  case,  to 
have  resulted  from  the  crystallization  of  amorphous  silica. 


Geologists'  Association. 

December  2nd,  1887.— F.  W.  Budler,  Esq.,  F.G.S.,  President,  in 
the  Chair. — The  following  communication  was  read  : — 

"  A  Synopsis  of  the  Vertebrate  Fossils  of  the  English  Chalk,"  by 
A.  Smith  Woodward,  F.G.S.,  F.Z.S. 

The  author  reviewed  in  succession  the  various  genera  of  fossil 
▼ertebrata  hitherto  recorded  from  the  English  Chalk,  adding  full 
references  to  the  literature  of  the  subject,  British  and  Foreign.     A 
o&reful  examination  of  the  type-specimens  and  numerous  other  fossils  A 
in  the   British   Museum^  Brighton  Museum   (Willett  CjoV\^^\A!^\iV' 
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Woodwardian  Moseum,  the  Musenm  of  Praotioal  Qeologj^  and  the 
private  oabinets  of  Mr.  S.  J.  Hawkins,  F.G.S.,  and  other  memben  of 
the  Assooiation,  had  snggeeted  several  emendations  in  the  already 
aooepted  nomenclature  of  the  genera  and  species,  besides  adding 
a  few  new  forms,  either  now  described,  or  deferred  for  description  to 
a  future  occasion.  The  revised  list  is  as  follows,  with  synonyms  in 
brackets : — 


[ChtiUm§  Campari,  OweiLl 
Sm^t  B§iuted%^  MantelLj 


Bbpthja. 

Order  Chblonia. 

(P)  Ch$lon$  Hoffnuumi, 
Cimolioehtlyt  Sensitdi  (Mantell),  Owen. 
Order  Saxjboptbktoia. 

Folyptyehodon  eontinuut,  Owen. 

„  inUrruptui^  Owen. 

TUnoMurui  Bemardi,  Owen. 
,,         eonttrieiutf  Owen. 
„         Smithii,  Owen. 
Order  Ichthtosaxj&ia. 

lehthyoaaurut  eampylodon,  Carter. 
Order  Ptthonomospha. 

Motasaurm  ancept  (Owen).  [Letodon  aneept,  Owen.  Moiutaurut  itmioiom^ 

Charleeworth.] 
Order  Lacbbtilxa. 

J)olieho»aurut  UmgieoUit^  Owen. 
OonioiauruB  eratiidetUt  Owen. 

Shaphiotaurut  tubulidens,  Owen.  [J2.  lueiut,  Owen.] 

Order  Plb8I084Xjria. 

OmiihoehtiruM  giganteiu  (Bowerbank).     [PterodaetyluM  giganUua,  Bow.,  CSmo* 

liomit  diomsdeui,  Owen,  Fterodtutylm 
eonirostritt  Owen.] 
„  Cuvieri  (Bowerb.)  [Fterodaetylut  Cuvieri,  Bowerb.] 

„  comprettirostrit  (Owen).     [Pter,  comprutirottrUf  Owen.] 


[?  Hybodu».'\ 

[Corax  maximut,  Dixon.] 


Pisces. 
Order  Sblacbh. 

AeroduM  (?)  lUingtcorthi,  Dixon. 
Corax  faieatuM,  Agass. 

„     prittodontuSf  Agass. 
Drepatuphonu  m<yor  (Agass.),  Egert.         [Spinax  mq/oTy  Agass.,  Qgitraeum 

canalieulatM,  Egert.,  I)repanephoru8  canalieulatuSf  Egert., 
Aerodus  eretaceuSy  Dixon,  [?)Aerodus  rugosut,  Agass.] 
Mybodus  duhritiemisy  Mackie. 


Noiidanus  tnieradon,  Agass. 

,,         pectinatuSy  Agass. 
Odontatpi*  rhaphiodotty  Agass. 

„  iubulatOy  Agass. 

Olodus  appendieulatMt  Agass. 
,,   crastusy  Agass. 
„   Bemiplicatuiy  Miinster. 
Oxyrhina  crasfidenty  Dixon. 

,,         Mantelliy  Agass. 
Ftychodu*  d^eurreiity  Agass. 
latitaimuty  Agass. 
mammillarisy  Agass. 
Oweniy  Dixon. 
polygyrus,  Agass. 


>» 


rugosusy  Dixon. 
Seylliodu9  antiguusy  Agass. 
Sguatina  Craneiy  A.  S.  Woodw. 


[Lamna  aeuminatay  Agass.] 
IFiyeh.  depresiuSy  Dixon.] 

tPtyeh,  paueisuleatut,  Dixon.] 
Ptyeh.  altioTy  Agass.] 

[Auhdut  Agataisiiy  Dixon,  Ftych.  laiiMiinuUt 

Agass.  in  part.] 
[Ftyeh,  aliiorf  Dixon,  non  Agass.] 
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Older  Chihsboxdii. 

Sdaphodan  Agauim,  Bnckl. 
„         tfroifttf,  NewtoxL 

„         ManUUii,  Bnckl. 

„         80tigmekii,  Agaas. 
iOSsMNodlM^  WUUttif  Newton.    [Elaamognathui^  Newton  imm  Gray.] 
iMk^oduM  brmrottrtM,  Agass.  (var.) 

,,         tfMMia,  Newton. 
Older  Oamoidbi. 

BeloHottomui  attmuatutf  Dixon. 

„  cinetu$f  Agaas. 

OaUdua  anguttut  TAgaas.^,  Zittel.  [^yroitM  angutiut^  Aga 

„     0re/<i00iM  (Agaas.),  Zittel.  \Pyenodu$  eretaeeutf  Ag 

„     {?)/aba  (Agaaa.),  Zittel.  (Aerotemnus  faba,  Agaat 

„    jMira^/ttf  n Dixon),  Zittel.  Tl\fenodu$  parallelut,  D 

Oyrodua  eritaeeusy  Agass.  [Gifrodut  eonieutf  Dixon 

Lophiottomus  Dixtmi,  Egert. 

Macropoma  Manielli,  Agaaa.  l^Amia  f  lewisietuit,  Ma 

Microdon  (?)  oceipitalitf  Dixon. 
NeorhombolepU  exeeUus,  gen.  et  ap.  nOT. 
Frionolepit  anguttut,  Egert. 

Gen.  non  det.  ILqndotus  punetatut,  Agaaa.  Ml 

Order  Tbleostei. 

AerognathuB  boopt,  Agaaa. 
AuloUpis  typus,  Agaaa. 
Beryeoptit  eieganSf  Dixon. 
JS^ryx  radimns,  Agaaa. 

„  (?)  mieroeephalutf  A&^aaa. 
QUamopUurus  anglieua^  Dixon. 

Cimoliehihys  levesienais,  Leidy.  ISaurodon  Zeanus^  Agaaa.  n<m  Hi 

Cladocyelus  levesiensis,  Agaaa. 
Daptinua  intermedins^  Newton. 
Dereetie  ehngatue,  Agaaa. 
Enehodui  leveeiensit  (Mantell),  Agaaa.        [Esox  Uweeimsit,  Mantel],  Et 

haloeyon,  Agaaa.] 
Homonoiut  dorecUie^  Dixon. 

Eoplopteryx  leveeientis  (Mantell).       [Zeus  letoeeieneis,  Mantell,  Beryx  o: 

Agaaa.] 

,,  tuperbfu  (Dixon).         \^Beryx  tuperbua,  Dixon.] 

lehihyodeetea  elegans,  Newton. 

,f  minor  (Dixon),  Newton.  [Hypeodon  minor ^  Dixoi 

Oemeroidet  levesieneis  (Mantell),  Agaaa.  iSalmo  letoesiensie,  Man 

„  (?)  eraeeiiSy  Dixon. 

Taehyrhizodue  baaalie,  Dixon. 

Gardner*  (Maaon),  W,  Daviee  MS.    [Bypsodon  leweeienti 
in  part,  erroneonaly  deacribed  and  fignred. 
dontotaurus  Oardneri,  Maaon.] 
graeilit  (Owen),  W.  Daviea  MS.     [Mosataurue  graeilisy  ( 
Platax  nuchalii  (Dixon),  A.  S.  Woodw.    [Mierodon  nuchalis,  Dixon.] 
Flethodue  expaneus,  Dixon. 

,,        oblonguSt  Dixon. 
Plinthophorus  robmtuSf  Giinther. 
Bomognaihus  eupterygiuSj  Dixon. 
Bortheue  ManUlli,  Newton.  [Hyptodon  lewetiemiey  Agass.  in  p{ 

„      Daviesiiy  Newton. 

,,      ap.  ind.  fffypeodon  ieweaientis,  Agaaa.  in  part.] 

Broioephyrana  feroXf  Leidy.     [Saurocfphalut  lanei/ormis,  Agass.,  non  I 

Xiphias  bixonit  Leidy.     JBrisichthe  Dixoni,  Cope. 

,,  minor  (Agaaa.),  A.  S.  Woodw.     [Tetrapteriu  minor,  Aga 

Sauroeephalut  (?)  ttriatut,  Agaaa. 
Stenoatoma  pulehellaj  Dixon. 
Stratodw  anfliew,  sp,  nor. 


>» 


i» 


Corresponded 


Tomognathui  mordag,  Dixon.  [Ibm.  MmIm,  Dixon.] 

Elopine  Clupeoid,  gen.  non  dot. 
Incbbtjb  Sbois. 

Cahrhynehut  erglactuif  Dixon. 

Anditrodon^  ap. 

F$UcopUru9  fpeetahilii  f  Agfus.),  Cope.  \Ptyekodm  tpeetabiUt,  Agan.1 

„  ^t^^erff/M  (Agaas.),  Cope.  .... 

ff  areuatut  (Agaas.),  Cope. 

I) 


arnuUtu,  Agaas.] 


(P)  artieulaiut  (Agaaa^,  Cope.    [      „         turtimUtUui^  Agaae.] 

The  author  also  pointed  out  that  the  type  speoimen  of  Strophodtu 
nsper,  Agass.,  is  a  fragment  of  a  Grustaoean;  that  the  so-oalled 
OrihagoriscttS'jeiw  (Dixon)  is  the  dentary  bone  of  a  Ghelonian ;  that 
Selache  Davieni,  Hasse,  is  founded  upon  a  vertebra  of  Ptyehodus ; 
and  that  the  so-called  premaxilla  of  Enchodus  is  really  the  palatine 
bone» 


THE  DIBiETIAN   OF  ST.   DAVIDS. 

Sib, — The  geology  of  St.  Davids  will,  I  fear,  never  be  settled  by 
petrological  methods.  Eecognizing  this,  I  based  my  interpretation  of 
the  so-called  Dimetian  principally  upon  the  relation  and  disposition  of 
the  various  groups  of  rocks  composing  the  peninsula  of  St.  Davids. 
The  result  of  my  examination  was  to  lead  me  to  believe  that  by  no 
known  system  of  faults  and  folds  could  the  ''  Dimetian/'  if  a  pre- 
Cambrian  body,  have  been  placed  in  its  present  relations  with  the 
surrounding  rocks.  Tills  is  my  main  contention,  and  all  the  remain- 
ing arguments  are  subsidiary,  and  in  value  only  relative.  As  I 
have  already  developed  these  views  in  detail  in  a  paper  just  read 
before  the  Liverpool  Geological  Society,  I  need  not  further  dwell 
upon  them  here. 

It  is  very  far  from  my  intention  of  entering  upon  a  controversy 
upon  this  question,  most  of  all  from  a  petrological  standpoint  On 
a  re-perusal  of  the  literature  on  this  subject,  I  find  that  Dr.  Hicks 
formerly  described  as  shales  interbedded  in  the  Dimetian  what  he 
now  considers  to  be  Diabase  Dykes. 

I  may  be  quite  wrong  in  my  view  that  the  veins  in  question  are 

included  Cambrian   shales ;   but  until   I  have  an    opportunity  of 

re-examining  the  district,  I  am  not  prepared  to  admit  his  contention. 

Park  Cornbh,  Blundbllsands,  T.  Mellard  Beade. 

lUh  January,  1888. 


THE  EXTENT  OF  THE  HEMPSTEAD  BEDS,  Etc. 

Sib, — ^Writing  in  the  Isle  of  Wight,*  with  no  library  available,  I 
find  I  have  overlooked  a  paper  by  Dr.  E.  P.  Wilkins,  F.G.S.  As 
long  ago  as  1861  he  recorded  a  section  of  Hempstead  Beds  in  the 
Medina  (see  Proc.  Geol.  Assoc,  vol.  i.  p.  194). 

Clement  Eeid. 
*  Geol.  Mao.  Nov.  1887. 
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British  Pktbographt. 

It  may  interest  our  petrological  readers  to  learn  that  the  remaining 

portion  of  Mr.  Teall's  admirable  *'  British  Petrography  "  is  in  the 

press,   and  will   shortly  appear.     The  issue  in  monthly  parts,  as 

originaUy  contemplated  by  Mr.  Teall,  had,  in  consequence  of  an 

unforeseen  contingency,  to  be  discontinued.     The  firm  of  publishers 

that  had  undertaken  to  bring  out  the  work  became  involved  in 

financial  difficulties,  and  ultimately  failed,  placing  Mr.  Teall  in  the 

remarkable  predicament  of  having  to  purchase  a  portion  of  his  own 

book.     We  are  happy  to  be  able  to  state  that  the  work  is  now  in 

good  hands,  namely,  those  of  Messrs.  Bemrose  &  Son,  and  is  only 

awaiting  the  completion  of  a  few  of  the  plates,  before  being  given 

to  the  scientific  world.     We  must  congratulate  the  author  on  having 

brought  to  a  favourable  conclusion  an  undertaking  as  comprehensive 

in  design  as  it  is  thorough  in  execution.     The  200  pages  which  have 

already  appeared,  replete  with  accurate  and  minute  description,  well 

famished  with  references  to  original  sources  and  illustrated  by  plates 

of  surpassing  beauty,  have  been  sufficient  to  place  the  book  in  the 

front  rank  of  petrographical  literature,  among  such  classic  compeers 

as  Fonqne  and  Levy's  '' Mineral ogie  Micrographie,"  Bosenbusch's 

"  Physiographic  der  Mineralien  und  Gesteine,"  and  ZirkeFs  "  Lehr- 

buch  der  Petrographie." 

FERDINAND   V.    HAYDEN. 

BoBN  SsPTBMBBK,  1829 ;  Died  23rd  December,  1887. 

Db.  F.  y.  Hayden  was  born  in  Westfield,  Mass.,  in  1829.  He 
was  a  graduate  of  Oberlin  College,  Ohio,  and  received  the  degree  of 
Doctor  of  Medicine  from  the  Medical  School  of  Albany,  N.Y.,  in 
1853.  He  was  surgeon  in  the  array  during  the  civil  war  ;  and  after 
it  for  seven  years,  he  held  the  position  of  Professor  of  Mineralogy 
and  Geology  in  the  University  of  Peouaylvania. 

But  the  larger  part  of  his  time,  from  1853  to  the  close  of  1878,  an 
interval  of  twenty-six  years,  was  spent  iu  Rocky  Mounti\in  explora- 
tion, in  which  his  special  work  was  geological ;  and  through  his 
labours  and  the  investigations  of  those  associated  with  him,  a  wide 
extent  of  territory,  until  then  little  studied,  was  examined  geologi- 
cally and  topographically.  Coal-beds  were  found  and  a  now  coal- 
flora  made  known,  new  fossil  Mammals,  Heptilia,  and  Fishes,  in 
great  numbers,  were  collected  and  described,  the  stratigraphy  and 
palaeontology  of  the  Cretaceous  and  Tertiary  and  the  intermediate 
Laramie  or  Lignite  beds  were  well  investigated,  and  the  Yellowstone 
Geyser  region  brought  to  notice  and  explored. 

Dr.  Hay  den's  personal  work  consisted  in  a  general  geological 
Teconnaissance  of  the  regions  visited,  the  collection  of  fossils,  which 
Was  the  chief  object  of  the  earlier  expeditions,  and  the  supervision 
and  direction  of  the  surveying  parties.  He  was  the  fit^t  to  ts\^<^ 
howTi  the  facts  as  to  the  vast  Tertiary  lake-areaa  ot  lYi^  ^waim\\» 
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region  and  eastern  slopes  of  tbe  Bocky  Mountains,  whence  he  drew 
the  conclusion  that  the  elevation  of  the  mountains  went  on  slowly 
through  the  whole  Tertiary,  commencing  with  the  Laramie,  which 
afforded  some  brackish-water  fossils. 

His  first  two  expeditions  were  made  in  1853  and  1855  to  the  Bad 
Lands  on  White  Eiver,  in  Dakota,  that  of  1853  at  the  expense  of 
Professor  James  Hall.  Large  collections  of  remains  of  fossil 
mammals  were  brought  home,  besides  numerous  other  species.  His 
palsBontoIogical  friend,  Mr.  F.  B.  Meek,  was  with  him.  In  1857 
ne  accompanied  Lieut  G.  K.  Warren's  expedition,  and  made  the 
discovery  of  the  rich  Niobrara  Mammalian  fauna,  newer  than  the 
White  Biver,  and  obtained  a  great  number  of  specimens.  In  1866 
he  visited  the  *'  Bad  Lands,"  making  collections  for  the  Academy  of 
Natural  Sciences  of  Philadelphia.  The  mammalian  remains  obtained 
in  these  various  expeditions,  along  with  those  gathered  by  Dr.  John 
Evans  in  1849  and  1853,  and  Mr.  Culbertson  1850,  were  the 
materials  used  by  Dr.  Leidy  for  his  great  work  on  the  Extinct 
Fauna  of  Dakota  and  Nebraska  (1869). 

During  1859  and  1860,  Dr.  Hayden  was  connected,  as  geologist, 
with  Capt.  Baynold's  expedition  to  the  headwaters  of  the  Yellow- 
stone and  Missouri.  In  1867,  after  the  civil  war,  the  series  of 
government  expeditions  under  his  charge  was  begun  that  continued 
through  the  consecutive  years  to  the  close  of  1878.  By  these 
expeditions  his  explorations  became  extended  over  large  parts  of 
Nebraska,  Dakota,  Colorado,  Utah,  Wyoming,  Montana,  New  Mexico, 
and  Kansas.  The  first  appropriation  was  only  5000  dollars ;  but  the 
later  were  more  liberal,  and  besides  his  regular  corps,  a  number  of 
other  scientists  sometimes  accompanied  the  exploration.  Mr.  Meek 
accompanied  him,  and  through  him  large  numbers  of  invertebrate 
species  of  the  Cretaceous,  Tertiary,  Jurassic,  and  other  formations 
were  figured  and  described ;  and  precision  was  thus  given  to  the 
facts  for  success  in  laying  down  the  subdivisions  of  these  formations 
and  mapping  their  distribution.  After  the  death  of  Mr.  Meek  in 
December,  1876,  his  department  passed  under  the  charge  of  Dr.  C.  A. 
White.  Mr.  L.  Lesquereux  investigated,  figured  and  described  the 
fossil  plants  of  the  Laramie  and  other  formations.  Dr.  Cope  joined  the 
expeditions  of  1872  and  1873  and  afterwards  described  the  vertebrate 
fossils,  collected  in  these  and  later  years,  in  two  quarto  volumes. 

The  many  volumes  of  the  expedition,  in  8vo.  4to.  and  the  atlases, 
need  not  here  be  enumerated.  Dr.  Hayden  had  reason  for  feeling 
gratified  with  the  great  scientific  results  obtained  by  the  expeditions 
under  his  charge,  and  the  wonderful  discoveries  made  concerning 
the  ancient  life  of  the  continent,  its  vast  mineral  resources,  and  the 
successful  mapping  of  its  topographic  features. 

Since  the  expedition  closed  in  June,  1879,  Dr.  Hayden  has  resided 
in  Philadelphia. 

Dr.  Hayden  was  a  member  of  the  National  Academy  of  Sciences, 
and  received  various  honours   from   academies    abroad.     He  was 
elected  a  Foreign   Member  of   the  Geological  Society  of  London 
in  1879. — Silliman^a  Amerdan  JoumaL 
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7.  The  Oastbio  Teeth  of  Ceratiooaris.     PL  VI.   Figs.  8,  9,  10 ; 

and  Woodcuts,  Figs.  1-9. 

IN  the  Geologioal  Magazine,  Vol.  II.  1865,  p.  401,  some  aocount 
was  given  of  the  curious  gastric  teeth  of  Geratiocaris  and 
Bithyrocaris,  from  the  Upper-Ludlow  and  Carboniferous  strata  of 
Scotland  and  Ireland ;  and  in  the  Article  Crustacea,  by  the  same 
author,  in  the  "  Encyclopcedia  Britannica,"  vol.  vL  1877,  p.  639,  fig. 
13,  the  relationship  of  such  internal  masticatory  organs  to  the 
stomach  of  the  Crab  and  Lobster,  in  particular,  was  treated  in  detail. 

Bohemian  specimena. — The  late  M.  Barrande,  in  his  •*  Syst.  Silur. 
BohSme,"  voL  i.  Supplm.  1872,  p.  443,  plates  18,  21,  and  31,  described 
and  figured  several  gastric  teeth,  presumably  of  more  than  one  species 
of  Geratiocaris,  which  he  had  obtained  from  his  ''Stage  E-e  2,'' 
equivalent  to  the  lower  divisions  of  Murchison's  "Upper  Silurian." 
These  little  fossils  were  found  in  the  same  beds  with  Ceratiocarides,^ 
but  could  not  with  certainty  be  referred  to  their  species.  He  described 
them  as  having  a  general  resemblance  among  themselves,  being 
somewhat  crescent-shaped,  slightly  concave  on  one  side  and  convex 
on  the  other,  with  the  middle  part  thicker  than  the  ends.  He  does 
not  appear  to  have  met  with  any  having  a  basal,  root-like  or  fang- 
like portion  attached.  The  number  of  cusps  observed  by  M.  Barrande 
nearly  always  amounted  to  six,  the  exceptions  being  perhaps  due  (he 
thought)  to  the  age  of  individuals. 

In  some  of  the  forms  from  Bohemia  each  cusp  (seen  from  above) 
lias  the  shape  of  a  chevron,  more  or  less  distinct  according  to  its 
place  in  the  series ;  the  strongest  being  in  the  middle,  and  the  weakest 
towards  the  ends.  Each  chevron  is  hollow  and  sloping,  with  sharp 
borders.  Thus,  seen  from  above,  the  surface  has  a  sharp,  flexnous  or 
zigzag  ridge  ;  each  bend  forming  a  chevron  and  cusp.  When  perfect, 
there  is  a  sharp  point  at  the  top  of  the  chevron  of  each  cusp,  and 
often  a  smaller  tubercle  at  each  of  its  lower  ends.  In  his  pi.  21, 
figs.  41,  42,  and  43,  the  chevrons  of  this  zigzag  ridge  usually  open 

*  The  species  of  Pbyllocarida  found  in  this  Stage  were  Ceratioearis  Bohemica^  C. 
ioems,  C,  inaqualiSy  with  Aristozoe  inclyta  and  A.  Joncsi, 
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towards  the  oonoave  side,  and  their  summits  are  towards  the  convex 
side.  In  fig.  44,  and  in  others  not  figured,  the  reverse  occurs  ;  and 
M.  Barrande  could  not  say  if  the  difference  were  of  generic  or  only 
of  specific  value.  Possibly  the  difference  may  have  been  due  to  the 
right  or  left  position  of  the  ''  tooth  "  when  in  place.  Fig.  41  (9  mm. 
long)  was  found  in  the  same  strata  with  0.  itueqwilis,  Barr.  Fig.  42 
is  8  mm.  long  ( Woodciit,  Fig.  2),  and  fig.  43  is  imperfect ;  these  were 
found  in  the  strata  with  C.  Bohemica,  Barr.  Fig.  44  (not  quite 
perfect)  is  14  mm.  long.  In  pi.  18,  fig.  2  (15  mm.  long)  differs 
somewhat  from  the  others  ;  it  looks  more  complicated,  but  has  been 
perhaps  decomposed  into  vertical  parallel  layers,  concentric  with  the 
chevrons.  The  specimen  in  figs.  3  and  4  (30  mm.  long)  is  obscure. 
Fig.  5  (24  mm.)  shows  four  large  cusps  on  one  (concave  ?)  side ;  and 
six  on  the  other,  smaller,  and  perhaps  representing  the  opposite  ends 
of  the  chevrons.  In  pi.  31,  fig.  21  (22  mm.)  shows  what  appear 
like  two  nearly  perfect  rows  of  blunt  cusps. 

Scandinavian  specimens. — ^The  "teeth"  from  F4r6,  Gk>thland, 
represented  in  our  PI.  VI.  Figs.  9  and  10,  and  Woodcuts,  Figs.  1,  3, 
4,  belong  apparently  to  two  kinds.  Figs.  10  a,  6,  e,  are  evidently 
related  to  those  with  cusps  of  a  chevron-shape  when  looked  at  from 
above,  and  already  referred  to  as  described  in  M.  Barrande's  "  Syst 
Sil.  Bohdme."  The  chevrons,  however,  are  less  sharply  angular  in 
the  flexuous  ridges  of  the  northern  specimens  (Fig.  10  c),  and  the 
cusps  are  not  only  less  regular,  but  are  much  larger,  higher,  and 
sharper  at  one  end  of  the  tooth  than  the  other  (Figs.  10  a,  h,  e)» 

Fig.  8  (13  mm.  long)  shows  five  cusps  of  nearly  equal  size;  and 
seen  from  above  they  appear  to  be  united  by  a  sharply-angular  and 
regular  zigzag  ridge  (Woodcuts,  Figs,  la,  16),  as  in  Barrande*B  figs. 
41,  42  (Woodcut,  Fig.  2),  and  44.  His  figures  unfortunately  do  not 
give  the  side  view  for  comparison, — only  an  imperfect  vertical 
section,  fig.  43. 
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Fio.  1  a.     Side  view  of  a  "  tooth " ;   the  same  as  PL  VI.  Fig.  8.     From  F&r5. 

Nat.  bize. 
1  b.     The  same,  seen  from  the  top  edge. 
2.        A  somewhat  similar  "tootli,"  seen  from  the  top.     Barrande^s  pi.  21, 

fig.  42  a,  p.  443.     From  the  Stage  E  of  Bohemia.     Nat.  size. 
3  a.     Side  view  of  a  "  tooth."     From  F&ro.     Nat.  size. 

3  b.     The  other  side  of  the  same. 

4  a.     Side  view  of  a  "tooth."     From  F&ro.     Nat.  size. 
4  b.     The  other  side  of  the  same. 
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PI.  VI.  Fig.  9  a,  6  (14  mm.  long)  presents  another  shape  altogether, 
inasmuch  as  the  cusps  keep  nearly  all  in  a  single  row  without  the 
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flexnoas  or  zigzag  ridge.  They  are  six  in  number,  blant,  and  differ- 
ing muoh  in  8ize  one  from  another ;  the  middle  of  the  body  of  the 
"  tooth  "  is  thicker  than  the  ends. 

Two  other  specimens  from  the  same  locality  have  the  cusps  more 
distinctly  arranged  in  two  rows  and  somewhat  alternating  (Wood- 
cuts, Figs.  3  and  4).  These  in  some  respects  approach  fig.  21  in 
Barrande's  pL  31.  One  of  them  is  17  mm.,  and  the  other  (im- 
perfect?) 10  mm. 

All  the  Scandinavian  specimens  of  Crustacean  teeth  here  men- 
tioned are  from  the  Upper  Silurian  of  the  Isle  of  FUrd,  off  the 
North-eastern  extremity  of  Gothland. 

Britiih  specimens. — Fossil  carapace-valves  having  irregular  marks 
due  to  the  presence  of  "  teeth  "  within  the  squeezed  valves  of  the 
carapace  are  not  unusual  in  the  collections  from  Lanarkshire.  In 
the  British  Museum,  **  No.  58878/'  from  Linbum,  near  Muirkirk, 
Lanarkshire,  is  a  specimen  showing  a  pair  of  '*  teeth,*'  each  8  mm. 
long,  with  six  cusps,  longer  at  one  end  of  the  "  tooth "  than  the 
other  (Woodcut,  Fig.  7).  Also  another,  "No.  45160,"  figured  in 
the  Gkol.  Mag.  1865,  PL  XL  Fig.  2,  from  Lesmahago  (Woodcut, 
Fig.  5).  This  measures  9  mm.  long,  and  has  an  oblique  basal 
portion,  10  mm.  long.  In  the  University  Museum  at  Cambridge  are 
two  specimens.  One  of  them,  "6/11,"  imperfect,  with  only  four, 
rather  long  and  irregular  cusps  (Woodcut,  Fig.  7),  is  from  Beck 
Mills,  near  Eendal  (Upper-Ludlow  Beds),  and  measures  6  mm.  in 
length ;  and  the  other,  **  6/136,"  from  Lesmahago,  Lanarkshire,  has 
seven  cusps,  and  is  12  mm.  long,  with  an  oblique  root  15  mm.  long  ; 
the  cusps  are  high  and  sharp  at  one  end,  and  small  and  blunt  at  the 
other  (Woodcut,  Fig.  6).  Referring  to  Geol.  Mag.  1865,  we  see 
in  PL  XL  Fig.  1  ( Ceratiocaris  papilioj  also  from  Lesmahago)  that 
the  "  teeth  "  are  made  to  appear  as  being  opposed  one  to  the  other 
Tertically  (Woodcut,  Fig.  9) ;  this  is,  without  doubt,  due  to  the 
oompression  of  the  carapace,  and  to  their  being  squeezed  against  the 
inside  of  the  valves.  In  their  normal  position  they  would  be  opposed 
to  each  other  horizontally,  or  nearly  so.  As  regards  the  shape  of 
these  "teeth,"  they  resemble  that  of  the  others  in  the  British 
Museum  and  those  in  the  Cambridge  Museum.  In  the  Glasgow 
University  Museum  a  fine  example  of  C,  atygia  has  similar  teeth, 
also  placed  within  the  anterior  portion  of  the  carapace.  All  of 
these,  however,  have  their  cusps  smaller  and  more  regular  than 
those  in  our  PI.  VI.  Fig.  10;  they  do  not  quite  agree  with  our 
Fig.  8,  which  is  probably  allied  to  Barrande's  pi.  21,  figs.  41-44 
(judging  chiefly  from  the  upper  surface) ;  and  they  differ  much 
from  our  PI.  VL  Fig.  9. 

The  specimens  in  the  British  Museum  (Nos.  45160  and  58878), 
and  the  more  perfect  specimen  of  the  two  in  the  Cambridge  Museum, 
differ  materially  from  the  Bohemian  and  Scandinavian  specimens  in 
the  more  trenchant  character  of  their  cutting  edges,  and  in  the  broad 
elongated  bases  of  attachment,  suggesting  that  we  may  be  here 
dealing  with  two  forms  of  masticatory  organs, — namely,  (1)  a  thicker 
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and  more  solid  form,  being  probably  true  gastrio  teeth ;  and  (2)  a 
compressed  trenchant  type,  being  a  portion  of  the  trae  mandible. 
Some,  indeed,  of  the  European  forms  also  may  have  belonged  to  this 
latter  type ;  but,  as  the  bases  (if  ever  existent)  have  been  broken  off 
in  the  Gothland  examples,  and  hidden  in  the  figures  of  those  from 
Bohemia,  we  are  unable  to  speak  with  oonfidenoe  as  to  this  part  of 
their  structure.  The  differences,  moreover,  in  the  material  in  which 
they  have  been  imbedded,  and  in  the  conditions  of  pressure  and 
fossilization,  may  have  modified  the  organisms  to  a  very  consider- 
able degree. 
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Fio.  5.  Specimen  *'  45160  "  in  British  Museum.  From  Lesmahago.  Nat.  siie. 
„  6.  Specimen '*^/l 36'*  in  Cambridge  Museum.  From  Lesmahago.  Nat.  size. 
„  7.  Specimen  '*  58878  **  in  British  Museum.  From  Iie8maha«>.  Nat  size. 
,,  8.  Specimen  **  ^/l  1 "  in  Cambridge  Mus.  From  Beck  Mills,  Kendal.  Nat  size. 
„  9.  Part  of  specimen  "  47989 ''  in  tbe  British  Museum,  showing  the  position 
of  the  **  teeth  "  in  the  anterior  region  of  the  carapace  of  CerutioetrtM 
papilio.    From  Lesmahago,  Lanarkshire.    Nat.  size. 

We  cannot  pretend  to  refer  these  fossil  teeth  to  the  known  species 
of  Ceraiiocaris ;  but  evidently  there  are  six  different  forms ;  thus : — 

1.  With  neatly  chevron-shaped  cusps,  regular  in  size.   Woodcut,  Fig.  2.    Barrande*8 

pi.  18.  f.  2  (?) ;  pi.  21,  f.  41-44  ;  and  PL  VI.  Fig.  8. 

2.  Small  neat  cusps,  longer  at  one  end  of  the  tooth  than  at  the  other.     Woodcuts, 

Figs.  5,  6,  7,  8  CO,  9. 

3.  Cusps  with  a  more  flexuous  connecting  ridge.    PI.  VI.  Figs.  10  a,  10  J,  10  e. 

4.  Cusps  in  two  parallel  rows,  but  somewhat  alternate.     Barrande*s  pi.  31,  f.  21. 

5.  Cusps  irregularly  alternate  in  two  rows.     Woodcuts,  Figs.  3  and  4. 

6.  Cusps  in  a  single  row.     PI.  VI.  Figs.  9  a,  9  ^. 

Note, — It  may  be  well  to  mention  that  in  the  **  Quart.  Jonm.  GJeol. 
Soc."  vol.  xvii.  1861,  pp.  542-552,  pi.  17,  Dr.  J.  Harley  described 
and  figured  numerous  small,  waterworn,  organic  fragments  from  the 
Ludlow  Bone-bed,  under  the  generic  name  of  Astacoderma ;  and  he 
referred  them  to  a  Crustacean  origin,  mostly  as  being  morsels  of  the 
harder  parts  of  tests  and  limbs,  but  in  two  instances  as  having  some 
resemblance  to  "  the  stomach-teeth  of  the  common  Lobster  "  (p.  550, 
pi.  17,  figs.  11-13).  In  "Siluria,"  3rd  (called  the  "4th")  edit. 
1867,  p.  542,  it  was  suggested  that  all  the  specimens  figured  by  Dr. 
Harley,  excepting  figs.  15  and  16,  were  really  portions  of  the  teeth 
oF  Pbjllopod  Crustaceans  such  as  Ceratiocaris, 


Scandinavian  Phyllocarida.  149 

IL  Phaboakooabis,  Novik. 

SttEungab.  k.  bShin.  GeaeU.  WinenBoh.  1886,  p.  1,  pi.  i. 
1.  Phasganooabib  puoio  {EvLryptertUy  BarraDde  ^),  Novak.    Loc,  exU 

1^.  Fhasoanooabib  puqio  (Barrande),  var.  bxrbata,  J.  &  W. 

Plate  VI.  Figs.  3-7. 

nfth  Beport  on  the  PalsBOZoio  Phyllopoda,  1887,  p.  3 ;  Beport  Brit.  Assoc,  for  1887 

(1888),  p.  62. 

Four  flattened  pieces  (Figs.  3-6)  of  tapering,  riband-like  telsons, 
with  a  central  line,  sometimes  raised,  but  usaally  sunken,  which  was 
originally  a  ridge  in  all  probability.  From  it,  on  each  side,  numerous 
pandlel,  oblique,  sigmoid  lines  pass  downwards  and  outwards,  and 
these  end  at  the  edges  with  sharp  upward  curves,  defining  the  ismall 
8ub-triangular  teeth  of  a  serrated  fringe.  This  is  of  varying  strength, 
and  is  sometimes  backed  by  a  slight  ridge.  Except  in  the  serrated 
edges  these  specimens  correspond  in  essential  particulars  with  the 
dorsal  aspect  of  the  triangular  or  bayonet-like  lower  portion  of  the 
telsons  referred  by  Barrande  to  Eurypterw,  but  by  O.  Novak,  lately 
and  with  precision,  to  his  new  genus  Pkasganocaris, 

These  fragments,  dark  brown  and  chitinous  in  appearance,  are  in 
an  earthy  yellowish-grey  limestone  (Lower  Ludlow)  from  Vatten- 
fallet  (the  Waterfall)  near  Wisby,  Gothland. 

Fig.  7  shows  a  longer  and  narrower  piece  of  a  telson,  badly  pre- 
served, much  crushed  and  wrinkled,  but  retaining  some  convexity, 
and  its  upper  end  showing  a  slightly  triangular  section.  It  is  dark- 
brown  and  chitinous,  in  a  blue-grey,  calcareous,  and  finely  micaceous 
shale  (of  the  Ludlow  series),  from  the  Eingsjon,  Scania. 

explanation  of  PLATE  VI. 

Fio.  1.     Cerattoearii  Seharyi^   Barrande.     1  a,    abdominal  se^ents;    nat.  size. 

1  b,  one  of  the  segments  and  part  of  another,  magnified  3  diam.    The 
Uingsjon,  Scania. 

2.  C  pectinata,  J.  &  W.  2  a,  ultimate  segment,  telson  (style),  and  one 
stylet ;  nat.  size.  2  b,  a.  portion  of  the  segments,  magnified  4  diam. 
The  Ringsjon. 

3,  4,  6.  Fhasffanocaris  pugio  (Barr.),  var.  serrata,  J.  &  "W.  Portions  of 
telsons,  magnified  2  diam.,  ana  Fig.  6,  nat.  size.  From  Yattenfallet, 
Wisby,  Gothland. 

„    7.     P.  pugio^  var.  serrata,  J.  &  W.,  nat.  size.     From  the  Eingsjon,  Scania. 

„     8.     Tooth  of  CeratiocarU ;  side  view ;  nat.  size. 

„    9.     Tooth  of  Ceratiocaria.     9  a,  side  view ;  nat.  size.    9  b,  top  view ;  magn. 

2  diam. 
„  10.     Tooth  of  Ceratiocaria.     10  a  and  10  &,  side  views  ;  nat  size.     10  e,  top 

view.     Magn.  2  diam. 
Figs.  S-10  are  from  the  Isle  of  F&ro,  north  of  Gothland. 

Supplemental  Note  on  Ceratiooabis  Anoelini.     PI.  Y.  Fig,  1. 

Prof.  Lindstrom  has  favoured  us  with  a  careful  sketch  of  the 
ridges  and  pits  seen  on  the  original  specimen  of  Ceratiocaris  Angelitii, 
J.  &  W.,  but  very  obscure  on  the  plaster  cast.     He  writes  (Mar.  2)  : 

**  The  tip  of  the  telson  in  Cer,  Angelini  is  only  slightly  longer  than 

*  E.  pugio,  Barr.  Sil.  Syst.  BohSme,  vol.  i.  Suppl.  p.  564,  pi.  xxvi.  figs.  25-34, 
and  pi  zxxiv.  figs.  7-9. 
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that  of  the  plaster  cast  Its  total  length  is  148  mm.,  and  there  is 
thus  a  difference  of  only  7  mm.  between  the  original  and  your 
fignra  I  enclose  a  fairly  good  sketch  of  the  row  of  impressions  on 
the  left  side  of  the  telson  as  seen  in  the  originaL  They  are  visible 
for  a  length  of  57  millim.  from  the  broken  tip  upwards  and  are 
very  small,  about  14  being  contained  within  a  length  of  five  milli- 
metres.'* 


Fio,  10.  A  small  portion  of  the  original  specimen  of  the  telson  of  Oiratkeairit 
Angelinif  from  the  left-himd  side,  as  figured  in  Plato  Y.  Fig.  1. 
Magnified  4  diameters. 


11.^  On  the  Stbugturb  of  Clbistopora  (Michblinu)  omomfthica, 

Edwards  &  Haime,  sp. 

By  H.  Allstnb  Nicholson,  M.D.,  D.Sc.,  F.G.S., 
Begins  Professor  of  Natural  History  in  the  Unirersity  of  Aberdeen. 

IN  their  great  work  upon  the  PalsBOzoic  Corals  (Polypiers  Foss.  des 
Terr.  Pal.  p.  252,  pi.  17,  figs.  3,  3a,  1851)  Milne  Edwards  and 
Haime  describe  and  figure,  under  the  name  of  Michelinia  geomeinca^ 
a  remarkable  little  Coral  from  the  Devonian  rocks  of  France.  By 
the  kindness  of  Dr.  Daniel  CShlert,  of  Laval,  whose  researches  upon 
the  stratigraphy  and  palsaontology  of  the  French  Devonian  rocks 
are  well  known,  I  have  been  enabled  to  examine  some  well-preserved 
examples  of  this  interesting  form,  and  have  determined  some  new 
facts  as  to  its  internal  structure.  Investigation  by  means  of  thin 
sections  has,  in  fact,  shown  that  this  Coral  has  in  reality  no  dose 
relationships  with  the  genus  Michelinia,  but  that  its  afiSnities  are 
rather  with  Frotarcea,  E.  &  H.  It  differs,  however,  in  important 
structural  features  from  Frotaraa,  and  appears  to  form  the  type  of  a 
new  genus  to  which  the  name  Cleistopora  may  be  given. 

Cleiatopora  geometrical  E.  and  H.  sp.  (Fig.  1,  A),  is  a  little  discoid 
Coral,  averaging  from  one  and  a  half  to  two  centimetres  in  diameter, 
from  two  to  three  millimetres  in  thickness  in  the  middle,  and 
usually  attached  parasitically  to  a  Brachiopod  or  other  foreign  body. 
In  some  cases  it  appears  to  have  been  free.  The  short  vertioil 
oorallites  terminate  in  shallow  hexagonal  calices,  which  are  mostly 
from  five  to  six  millimetres  in  diameter.  The  floor  of  each  calice 
is  formed  by  a  flat  or  slightly  convex  surface,  more  or  less  clearly 
reticulated,  which  was  regarded  by  Milne  Edwards  and  Haime  as 
being  constituted  by  the  highest  ot  the  "  tabulsB,"  which  they  sup- 
posed to  possess  a  strongly  granulated  exterior.  Examination  by 
means  of  thin  sections  (Fig.  1,  C)  shows,  however,  that  "  tabulae " 
are  entirely  wanting,  and  that  the  whole  visceral  chamber,  below 
the  level  of  the  calice,  is  occupied  by  a  mass  of  reticulate  or  tra- 
becular  tiasue,  formed  by  irregularly  anastomosing  calcareous  fibres. 
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His  ohsncteristio  atrncture  is  shown  equally  well  both  by  t 
and  Uagential  sections  (Fig.  1,  C  and  D). 

The  walls  of  the  ooralliteH  are  thick,  and  when  viewed  in  * 
under  the  mioFoscope  exhibit  tolerably  well  the  peculiar  fibroi 
nboTystalline  Btmotore  which  is  seen  in  lections  of  many 
Coral*.  A  true  "  primordial  wall,"  such  as  is  seen  in  many  s 
of  FavonitB,  does  not  seem  to  be  present ;  but  the  junction  he 
adjaoent  oorallites  is  usually  marked  by  an  irregular  dark  line. 
Tisoeral  osTities  of  contiguous  tubes  are  placed  in  communi 
hy  irre^lar  canals,  which  represent  the  "  mural  pores "  < 
Fawfitidm.  Septa  are  only  represented  feebly,  by  a  numi 
obscure  ridges  or  strice. 


Pro.  1.  Oleiittpora  fftemtlrita,  Edw.  &  Hume,  sp.  A.  Upper  surface  of 
■Ued  indiTidual.  af  tbe  natural  sizs.  B.  A  nugle  calice  i^nlarged.  C.  ^ 
■eetion  of  a  specimen  growing;  upon  a  firacliiopod,  enlarged  fire  timi 
Taogential  section  of  tbe  aome  apecunen  similarly;  eoluged. 

From  the  above  description  it  will  he  evident  that  Cleia 
geotMtriea  E.  &  H.  sp.,  is  a  Perforate  Madreporarian,  and  t 
is  related  to  Frotaraa,  E.  &  H.  In  this  latter  genus,  hoi 
the  visceral  chambers  of  the  oorallites  are  very  short,  aud  ai 
filled  up  in  their  liasal  portion  with  the  reticulated  endothecal 
which  is  characteristic  of  the  genus  Cteietopora. 

From  tbe  genus  Slichelinia,  De  Kon.,  Cleistopora  is  BufGc 
separated,  not  only  by  the  posBession  of  the  peculiar  trab 
infilling  of  the  lower  part  of  the  visceral  chanibera,  but  also  I 
total  absence  of  tabulee,  while  the  "mural  pores"  are  only 
iented  by  vermicular  and  tortuous  tubes  passing  through  the 
of  the  corallites.  In  the  general  aspect  of  the  coralhini,  Cteii 
gtomelrica  presents  a  considerable  resemblance  to  the  spec 
Pltarodielyum,  Golf.,  from  which,  however,  it  is  separatt 
ebaraoters  similar  to  those  which  distinguish  it  troiu  Mich 
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Another  distinotiTe  character  in  Pleurodtetyum — which  I  have  recently 
determined  by  an  examination  of  well-preserved  specimens  from 
the  Corniferous  Limestone  of  North  America — is  that  in  this  genns 
the  basal  epi thecal  plate  is  pierced  by  numerous  well-marked 
foramina,  formed  by  the  external  openings  of  the  mural  pores  of 
the  marginal  corallites.  It  is  probable  that  this  character  will  be 
found  to  be  constant  in  the  genus  Fleurodictyum,  but  I  am  not  at 
present  in  a  position  to  affirm  that  it  is  so. 

The  genus  Cleisioporaf  Nich.,  may  be  defined  as  follows: — 
Corallum  small,  discoid,  usually  attached  by  its  entire  base  to 
foreign  bodies.  Corallites  short,  prismatic,  without  tabulsB,  and 
having  the  inferior  portion  of  the  visceral  chamber  completely  filled 
up  with  loosely  reticulate  calcareous  tissue.  Septa  represented  by 
striffi  only.  Walls  thick,  traversed  by  minute  irregular  canals  or 
pores. 

The  specimens  of  Cleistopora  geometrica,  E.  &  H.  sp.,  which  I 
have  examined,  were  collected  by  Dr.  Daniel  (Ehlert  in  the  Devonian 
rocks  of  Vire,  France. 


III. — On  the  Oooubrenoe  of  a   Ceratozamja  ik  the  Tbstiabt 

Flora  of  Leobbn  in  Sttria. 

By  Dr.  Constantin  Baron  yon  Ettingshausbn,  F.G.6.S.f 
Professor  of  Botany,  UnWersity  of  Graz,  Austria. 

MB.  ADOLPH  HOFFMANN  has  kindly  sent  me  a  large  series 
of  fossil  plants  from  the  Tertiary  strata  of  Leoben  containing 
a  very  rich  fossil  flora.  On  examining  the  latter,  I  discovered  a 
fossil  leaf,  which  I  at  once  recognized  as  a  Cycad, 

Remains  of  that  family  of  plants  are  extraordinarily  rare  in  the 
Tertiary  strata  of  Europe.  They  are  limited  almost  entirely  to  tlie 
Eocene  formation.  The  occurrence,  therefore,  of  such  a  fossil  in  the 
Tertiary  flora  of  Leoben,  which  belongs  to  the  Miocene  period,  calls 
forth  the  greatest  interest,  and  I  shall  not  fail  to  give  a  preliminary 
notice  on  the  subject  to  palaeontologists. 

The  leaf-fossil  resembles  very  much  the  leaf  of  Ceratozamia,  a 
Mexican  genus.  It  shows  lanceolate- linear  segments  which  are 
narrowed  towards  both  ends  and  somewhat  falciform.  '  The  borders 
are  not  toothed.  The  segments  are  17  centimetres  long  and  17^  milli- 
metres broad.  The  texture  is  firm,  coriaceous.  The  nervation  con- 
sists of  16  longitudinal  nerves,  being  equally  thin  and  undivided. 
They  are  rather  prominent.  The  epidermis  is  well  preserved  and 
shows  stomata  which,  relating  to  form  and  position,  agree  very  closely 
with  those  of  Ceratozamia, 

Though  I  do  not  doubt  that  the  fossil  here  described  is  a  Cyead, 
it  is  well  to  take  into  consideration  other  possible  determinations. 
In  the  first  place  there  are  the  Coniferae  to  be  named  to  which  the 
above  fossil  may  be  referred,  especially  the  genus  Dammarcu  But 
the  leaves  of  the  Dammara -species  are  simple,  not  divided,  and 
relatively  broader  than  the  segments  of  the  fossil  in  question,  though 
structure  and  nervation  do  not  differ  in  either.     On  account  of  tha 
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longitudinal  nerves  being  prominent,  one  might  even  be  tempted,  in 
determining  this  fossil,  to  consider  the  GraminesB  also.  But  the 
firm  textare  and  the  quality  of  the  epidermis  of  the  leaf  do  not 
admit  of  snob  a  view. 

I  have  named  the  species  Ceratozamia  Hoffmanni,  The  fossil  leaf 
above  described  will  be  figured  in  my  Memoir  on  the  Tertiary  Flora 
of  Leobea. 

ly. — COBBSLATION   OF    THE    LlNOOLNSHlRE     PlBISTOOBNE    DEPOSITS 

WITH  THOSE   OF  THE   MIDLAND   GOUNTIES. 

By  B.  M.  Dbblbt,  Esq. 

THE  Memoir  of  the  Geological  Survey  on  "  The  Geology  of  Part 
of  East  Lincolnshire,"  by  A.  J.  Jukes-Browne,  lately  reviewed 
in  the  Gsologioal  Maqazine,  proves  so  interesting  that  I  am  tempted 
to  compare  the  classification  of  the  Glacial  deposits  which  he  has 
adopted  with  that  I  have  proposed  for  the  Midland  Counties.  There 
are  also  some  features  in  the  distribution  and  lithological  characters 
of  the  Boulder  Clays  to  which  I  should  like  to  draw  attention. 

At  the  outset  Mr.  Jukes-Browne  shows  that  there  are  in  Lincoln- 
shire two  types  of  Boulder  Clay  occupying  areas  separated  from  each 
other  by  the  Chalk  Wolds.  These  two  deposits,  which  he  regards 
as  having  been  formed  at  different  stages  of  the  Pleistocene  period, 
are  described  as  the  "  Older  "  and  the  "  Newer  Boulder  Clay."  The 
Older  Boulder  Clay,  the  Chalky  Boulder  Clay  of  Mr.  Searles  Wood, 
an  intensely  chalky  deposit,  is  only  found  on  the  west  side  of  Sheet 
84  of  the  Ordnance  Survey.  The  Newer  deposits  are  brown  or 
purple  clays,  which  rise  up  from  beneath  the  alluvium  stretching 
along  the  coast.  Both  these  deposits  contain  intercalated  beds  of 
sand  or  gravel.  In  a  paper  printed  in  the  Quart.  Journ.  Geological 
80c.  voL  xli.  p.  114,  Mr.  Jukes-Browne  shows  that  the  brown  or 
purple  days,  generally  known  as  the  Hessle  and  Purple  Clays, 
frequently  occupy  interglacial  valleys  cut  through  the  older  Chalky 
Boulder  Clay.  In  my  own  paper  I  found  it  most  convenient  to 
divide  the  Pleistocene  period  into  three  epochs,  namely,  Older, 
Middle,  and  Newer  Pleistocene,  the  Great  Chalky  Boulder  Clay 
and  associated  chalky  gravels  being  relegated  to  the  Middle  Pleisto- 
cene division,  an  arrangement  which  might  also  be  adopted  for 
the  similar  deposits  of  Lincolnshire.  As  far  as  I  am  aware  the 
only  Older  Pleistocene  deposit  in  this  county  is  the  mass  of 
Quartzose  Sand  on  the  hill  near  Gelston,  north  of  Grantham.  A 
careful  search  would  doubtless  reveal  many  other  sections  both  of 
Boulder  Clay  and  gravel.  Too  much  reliance  must  not  be  placed  on 
the  colour  of  a  deposit.  Similarity  of  colour  no  doubt  indicates  that 
the  materials  forming  the  different  deposits  have  been  derived  from 
limilar  rocks,  but  we  must  not  be  too  ready  to  assume  that  it  also 
indicates  similarity  of  age.  In  the  Midland  Counties  the  adoption 
of  such  a  test  would  lead  to  great  confusion,  for  in  this  area  the 
Older  and  Newer  Pleistocene  clays,  having  been  generally  formed  by 
the  breaking  up  of  similar  rocks,  are  somewhat  similai  in  colovxx^ 
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and  yet  they  are  separated  from  each  other  by  the  whole  of  the 
Middle  Pleistocene  series. 

I  do  not  mean  to  affirm  that  on  this  aooount  the  dassification 
adopted  by  Mr.  Jukes-Browne  is  incorrect,  but  it  is  possible  that 
some  of  the  brown  and  purple  clays  he  describes  belong  to  the 
Older  and  not  to  the  Newer  Pleistocene  series.  Such  deposits  would 
be  dffficult  to  recognize  on  the  east  side  of  the  Chalk  Wolds,  as  they 
would  contain  chalk  and  flint;  but  on  the  west  the  comparative 
scarcity  or  even  total  absence  of  these  rocks  should  render  their 
detection  tolerably  easy.  In  the  Trent  Basin,  south  and  west  of 
Newark,  there  are  no  signs  of  a  submergence  having  occurred  in 
Newer  Pleistocene  times.  With  the  dose  of  the  Middle  Pleistocene 
epoch  marine  conditions  came  to  an  end,  and  rivers  oommenoed  to 
re-excavate  their  valleys  through  the  masses  of  Boulder  Clay  and 
sand  which  had  been  formed  in  them.  Subaerial  erosion  also  seems 
to  have  been  active  in  Lincolnshire  at  the  same  time,  for  there 
the  Newer  Pleistocene  Hessle  and  Purple  Boulder  Clays  are  found 
at  low  levels  in  valleys  excavated  subsequently  to  the  formation 
of  the  Chalky  Boulder  Clay.  This  would  make  the  Later  Pennine 
Boulder  Clay  of  the  Midland  Counties  the  equivalent  of  the 
Hessle  and  Purple  Clays.  In  the  Trent  Basin,  as  I  have  remarked, 
the  Later  Pennine  Boulder  Clay  shows  no  signs  of  aqueous  action, 
whereas  the  equivalent  low-level  deposits  in  Lincolnshire  seem  to 
be  of  marine  origin.  If  we  admit  the  possibility  of  a  Newer  Pleisto- 
cene submergence  of  about  400  feet,  such  as  Mr.  Jukes-Browne 
requires,  great  difficulties  present  themselves ;  indeed,  it  would  be 
necessary  to  assume  great  but  local  earth-movements  without  we 
imagine  the  whole  of  Central  England  to  have  been  occupied  by  an 
ice-sheet,  which  displaced  the  water.  The  severity  of  the  glacial 
conditions  which  really  obtained  in  Newer  Pleistocene  times  is  as 
yet  scarcely  realized,  yet  af  this  age  the  cold  was  sufficiently  severe 
to  permanently  freeze  the  ground  in  the  South  of  England,  and 
bring  down  great  glaciers  from  the  Cambrian  and  Cumbrian  Moun- 
tains, which,  spreading  over  Lancashire  and  Cheshire,  eventually 
passed  over  the  watershed  into  the  Trent  Basin.  I  am  aware  that 
this  is  disputed,  many  geologists  regarding  the  strisB  as  being  due 
to  large  icebergs  grating  along  the  bottom  of  a  sea  about  1200  feet 
deep  ;  glaciers  being  with  them  at  a  discount  Now  an  iceberg  is 
merely  a  fragment  of  a  glacier,  and  therefore  the  larger  the  iceberg 
the  larger  the  glacier.  Consequently  I  prefer  to  make  my  glaciers 
larger  than  my  icebergs,  not  rice  versa. 

During  the  Middle  Pleistocene  epoch  the  ice-flow  seems  to  have 
passed  from  the  north-east  over  the  submerged  Chalk  Wolds,  giving 
rise  to  the  intensely  Chalky  Boulder-clay.  At  a  still  later  stage,  in 
Newer  Pleistocene  times,  the  ice  came  from  the  Pennine  Hills  or 
further  west,  and  passing  down  the  Trent  Valley,  pressed  against 
the  escarpment  of  the  Middle  Oolite.  Through  the  gaps  of  the 
Humber  and  Withara  Valleys  the  subglacial  streams  poured  their 
sediment  into  the  sea  forming  the  Purple  Clays.  At  one  time  it 
is  probable  that  the  ice  actually  passed  out  through  the  Witham  and 
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Hnmber  Valleys,  or  even  over  the  Wolds  as  well,  giving  rise  to  the 
more  ohalky  Hessle  Clay.  Before  aooepting  a  submergence  of  400 
feet,  very  strong  proofs  will  have  to  be  furuinhed,  not  only  of  the 
marine  aspect  of  me  high-level  brown  Boulder  Clays,  but  also  of 
their  Newer  Pleistocene  age. 

V. AVALANOHBS     AND     AvALAMOHB     BlASTS. — "  WiNTKB      IN      THE 

High  Alps." 

By  John  Aooinoton  Stmonds,  Esq. 

r!E  following  important  and  interesting  notes  on  avalanches  and 
the  dangerous  wind-blasts  they  oanae,  appeared  in  the  Fall  Mall 
Gazette  for  February  28th,  1888.  As  we  do  not  remember  to  have 
seen  the  geological  effects  of  these  phenomena  described  in  any 
detail  in  our  numerous  geological  text-books,  we  believe  Mr. 
Symonds'  notes  on  the  subject  will  be  of  much  interest  to  readers 
of  the  Geologioal  Magazine. 

"  Feb.  6. — We  reckoned  another  foot  of  snow  this  morning.  The 
Fluela  Pass,  which  connects  us  with  the  Lower  Engadine,  was  closed 
to  traffic.  Just  before  noon  a  man  called  Anton  Broher,  known 
among  his  comrades  as  "the  Knave  of  Spades,"  because  he  had 
a  bnshy  black  beard,  was  swept  away  by  an  avalanche  below 
Tschuggen,  on  the  Fluela  road,  about  three  miles  from  Davos  Flatz. 
Eye-witnesses  saw  him  carried  by  the  blast  of  the  avalanche, 
together  with  his  horse  and  sledge,  three  hundred  yards  in  the  air 
across  the  mountain  stream.  The  snow  which  followed  buried  him. 
He  was  subsequently  dug  out  dead,  with  his  horse  dead,  and  the 
sledge  beside  him.  The  harness  had  been  blown  to  ribbons  in  the 
air ;  for  nothing  could  be  found  of  it,  except  the  head-piece  on  the 
home's  neck. 

This  violence  of  the  wind  which  precedes  an  avalanche  is  well 
authenticated.  A  carter,  whom  I  know,  once  told  me  that  he  was 
driving  his  sledge  with  two  horses  on  the  Albula  Pass,  when  an 
avalanche  fell  upon  the  opposite  side  of  the  gorge.  It  did  not  catch 
him."  But  the  blast  carried  him  and  his  horses  and  the  sledge  at 
one  swoop  over  into  deep  snow,  whence  they  emerged  with  difficulty. 
Another  man,  who  is  well  known  to  me,  showed  me  a  spot  in  the 
Sohaufigg  Valley  (between  Chur  and  the  Streda  Pass)  where  one  of 
his  female  relatives  had  been  caught  by  the  wind  of  an  avalanche. 
She  was  walking  to  church  when  this  happened.  The  blast  lifted 
her  into  the  air,  swept  her  from  the  road,  and  landed  her  at  the  top 
of  a  lofty  pine,  to  which  she  clung  with  all  the  energy  of  desperation. 
The  snow  rushed  under  her,  and  left  the  pine  standing.  It  must 
have  been  a  trifling  avalanche.  Her  friends,  returning  from  church, 
saw  her  clutching  for  bare  life  upon  the  tree,  and  rescued  her. 
Many  such  cases  could  be  mentioned.  A  road-maker  named  Schorta 
this  winter  was  blown  in  like  manner  into  the  air  below  Zemetz, 
and  saved  himself  by  grappling  to  a  fir  tree.  I  have  been  shown 
a  place  near  Ems,  in  the  Khine  Valley,  not  far  from  Chur,  where  a 
miller's  house  was  carried  some  distance  through  the  air  by  an 
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avalanche  blast  Its  inhabitants  were  all  killed,  except  an  old  man 
above  sixty  and  a  child  of  two  years.  Again,  I  may  mention  that 
the  tower  of  the  monastery  at  Dissentis  was  on  one  occasion  blown 
down  by  the  same  cause.  In  order  to  understand  the  force  of  the 
"  Lavinen-Dunst/'  as  this  blast  is  called  here,  we  must  remember 
that  hundreds  of  thousands  of  tons  of  snow  are  suddenly  set  in 
motion  in  narrow  chasms.  The  air  displaced  before  them  acts  upon 
objects  in  their  way  like  breath  blown  into  a  pea-shooter. 

Feb.  7. — It  is  still  snowing.  We  reckon  that  there  is  an  average 
depth  of  five  feet  in  the  valley.  In  the  woods,  and  where  it  has 
drifted,  the  snow  is  of  course  much  deeper.  Four  large  avalanches 
fell  to-day  between  Frauenkirch  and  Schmelzboden.  One  of  them, 
in  the  Butsch-tobel,  below  Monstein,  caught  some  men  working  on 
the  road.  The  man  in  advance,  Caspar  Valar,  was  blown  across  the 
stream  and  buried.    The  others  managed  to  extricate  themselves. 

I  have  since  then  seen  this  avalanche.  It  covers  about  five  acres 
in  the  valley,  and  has  a  depth  in  the  deepest  place  of  at  least  sixty 
feet  The  trees  on  a  hill  above  it  have  been  mown  down  by  the 
violence  of  the  wind  it  carried  [sucked  after  it  ?]. 

Feb.  9. — It  is  still  snowing.  The  ro€id  between  Davos  and  Wiesen 
is  said  to  be  impassable.  The  electric  light  is  extinct  in  Davos 
Platz  to-night,  owing  to  an  immense  avalandie,  which  fell  in  the 
Dischma  Thai  and  choked  the  water  supply, 

I  must  observe  that  when  there  is  a  considerable  frost  the  snow 
does  not  get  easily  into  motion,  and  so  there  is  less  risk  of  avalanches. 
The  greatest  danger  is  when  a  thaw,  with  blustering  warm  wind, 
sets  in  while  the  snow  is  still  falling.  There  are,  roughly  speaking, 
three  sorts  of  avalanches.  One  is  called  ''Staub  Lavine,'*  and 
descends  when  the  snow  is  loose  and  recently  fallen.  It  is  attended 
with  a  whirlwind,  which  lifts  the  snow  of  a  whole  mountain  side 
into  the  air  and  drives  it  onwards.  It  advances  in  a  straight  line, 
overwhelming  every  obstacle,  and  is  by  far  the  most  formidable  of 
the  three  sorts.  The  second  is  called  ^'Grund  Lavine."  It  falls 
generally  in  the  spring-time,  when  the  firm  winter  snow  has  been 
loosened  by  warm  thawing  breezes.  The  snow  is  not  whirled  into 
the  air,  but  slips  along  the  ground  in  enormous  masses,  gathering 
volume  and  momentum  as  it  goes,  and  finding  a  way  forward  by  its 
own  weight.  The  third  is  called  "  Schnee-Rutsoh,"  or  snow-slip. 
It  consists  of  a  portion  of  snow  detached  upon  a  mountain  slope, 
down  which  it  slides  gently,  heaping  itself  gradually  higher  till  it 
comes  to  rest  on  a  level  space.  Small  as  the  slip  may  be,  it  is  very 
dangerous.  The  snow  in  motion  catches  the  legs  of  a  man,  carries 
him  off  his  feet,  creeps  up  to  his  chest,  and  binds  his  arms  to  his 
side,  being  compressed  by  motion  into  a  firm  substance  like  hardening 
plaster  of  Paris.  I  once  saw  a  coal  cart  with  two  horses  and  a  man 
swept  away  by  a  very  trifling  slip  of  this  sort.  The  man  and  one 
horse  managed  to  keep  their  heads  above  it  and  were  rescued.  The 
other  horse  was  stifled  before  he  could  be  dug  out 

Feb.  12. — Drove  over  the  avalanches  to  Wiesen.     At  Glarus  saw 
Mty-two  men  digging  for  the  body  of  Caspar  Valar.     They  have 
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been  digging  sinoe  tbe  7tb,  bat  in  vain.  His  corpse  will  not  be 
found  until  the  spring.  Meanwbile  bis  widow  is  lying  in  a  bouse 
which  overlooks  tbe  place  where  her  husband  was  overwhelmed. 
Avalanches  have  descended  on  both  sides  of  the  bill  on  which  this 
homestead  stands.  The  gorge  which  separates  Davos  from  Wiesen, 
called  the  *'  Ziige,"  or  the  "  Paths  of  Avalanches,"  is  a  mere  wilder- 
ness of  snow  shot  down  from  either  side." 

That  the  weather  this  winter  on  tbe  Continent  has  been  exception- 
ally severe  is  still  further  shown  by  the  following  extracts  from  long 
and  numerous  newspaper  reports : — 

"  Heavy  snowfalls  were  again  reported  yesterday  from  the  central 
districts  of  Northern  Italy,  where  it  is  stated  that  in  some  places  the 
snow  is  as  much  as  ten  feet  deep.  The  Alpine  troops  with  the 
Carabineers,  under  the  direction  and  leadership  of  the  authorities, 
have  been  working  heroically  in  the  task  of  rescuing  tbe  people  of 
the  small  villages  which  have  been  buried  in  the  masses  of  snow. 
By  the  latest  accounts  more  than  200  bodies  had  been  taken  out 
The  hamlet  of  Trasquera,  in  Piedmont,  at  tbe  foot  of  tbe  Simplon, 
has  been  completely  overwhelmed  by  an  avalanche.  In  the  Bini 
valley  five  persons  have  been  killed  by  an  avalanche. 

"  The  strange  coincidence  of  a  violent  thunderstorm  and  a  heavy 
fall  of  snow  occurring  at  the  same  time  took  place  on  Saturday 
morning  in  the  Giant  Mountains  near  Gorlitz,  in  Silesia. 

*'  Two  avalanches  have  fallen  on  the  famous  hospice  of  St.  Bernard. 
The  church  has  been  almost  entirely  buried  in  snow." 

(Communicated  by  C.  Davies  Sherbom,  F.G.S.) 


I. — Titanichthys  pharao,  nov.  gen.  et  nov.  sp.,  aus  der  Kreidefor- 
MATioN  Aeotptens.  By  Prof.  Dr.  W.  Dames.  Sitzungsb.  Ges. 
naturf.  Freunde  Berlin,  1887,  pp.  69-72,  woodcuts. 

SOME  detached  and  partially  broken  teeth  from  the  Lower  Seno- 
nian  of  Egypt  are  described  by  Dr.  Daraes  under  the  name  of 
Titanichihys  pharao.  The  specimens  were  obtained  by  Dr.  Sohwein- 
furth  about  10  kilometres  west  of  tbe  Pyramids  of  Gizeb,  and,  when 
complete,  measure  60  millim.  in  length.  They  are  laterally-com- 
pressed teeth,  with  a  very  long  root,  rapidly  tapering  upwards,  and 
marked  by  deep  longitudinal  furrows.  The  enamelled  crown  is 
relatively  small,  and  of  an  unsymmetrical  arrow-head  shape,  over- 
hanging tbe  summit  of  the  root  in  front  and  behind,  and  thus  giving 
the  tooth  a  barbed  character.  The  genus  thus  imperfectly  indicated 
is  regarded  as  new,  and  placed  (with  Enchodus)  in  the  Trichiuridas ; 
if  really  undescribed,  however,  it  will  require  another  name,  Titan- 
ichthya  having  been  preoccupied  by  Newberry  for  a  huge  Placoderm 
(Trans.  New  York  Acad.  1885). 
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II. — Die   Gattunq  Saurodon,   Hays.     By  Prof.  Dr.  W.  Dambs. 

Ibid.  pp.  72—78. 

DURING  the  investigation  of  the  teeth  of  Titanichthys,  Dr.  Dames 
was  led  to  study  the  semi-barbed  teeth  from  the  Enropean  Chalk 
originally  referred  by  Agassiz  to  the  American  genus  and  species 
Saurodon  Leanua,  Hays.  The  result  is  an  interesting  resumd  of  the 
varied  fate  of  the  fossils  in  question  at  the  hands  of  different  palse- 
ontologists.  Their  resemblance  to  the  teeth  of  the  TriohiuridsB  is  dis- 
cussed, and  full  references  are  given  to  the  several  descriptions  and 
figures.  It  is  unfortunate,  however,  that  Hays'  original  memoir  has 
not  been  consulted,  nor  yet  the  most  important  contributions  of 
Leidy  (Trans.  Amer.  Phil.  Soc.  vol.  xi.)  and  E.  T.  Newton  (Quart. 
Journ.  Geol.  Soc.  vol.  xxxiv.).  The  latter  authors  have  shown  that 
the  European  fossils  are  certainly  not  referable  to  Saurocephalua  (of 
which  Saurodon  is  a  synonym),  and  those  from  the  English  Chalk 
are  named  Cimolichthys  levesiensis,  A.  S.  W. 


I^  E  "V  I  E  ^W  S. 


L— Gkology,  Chemical,  Physical,  and  Stratioraphigal.  By 
Joseph  Pbkstwich,  M.A.,  F.R.S.,  F.G.S.  In  Two  Volumes. 
Vol.  II.  Stratigbaphioal  and  Physical.  Koyal  8vo.  pp.  xxviii. 
and  606,  with  Geological  Map  of  Europe,  and  numerous  Illustra- 
tions.    (Oxford,  at  the  Clarendon  Press,  1888.) 

IF  the  number  of  geological  papers  published  every  year  in 
various  parts  of  the  globe  were  taken  as  a  measure  of  the 
increase  of  our  knowledge,  our  sentiments  on  the  subject  might  fitly 
find  utterance  in  the  word  "  Prodigious  I "  Nevertheless,  while  this 
great  **  talus  heap  of  geological  literature,"  as  it  has  been  rather 
irreverently  termed,  may  at  times  produce  a  feeling  of  dismay  and 
oppression,  yet  we  may  derive  comfort  from  the  thought  that  in  due 
coui'se  of  time  the  leading  facts  and  the  general  results  of  this  mass 
of  information  are  tabulated  and  expounded  in  the  larger  Text-Books 
and  Manuals. 

Our  advances  in  geological  knowledge  are  then  best  gauged  by 
such  works  as  the  one  now  before  us,  written  as  it  is  by  one  of  our 
geological  leaders,  and  whose  object  it  is  to  exhibit  the  present  state 
of  the  science.  It  might  indeed  be  maintained  that  we  are  already 
well  supplied  with  Manuals  of  Geology — Physical,  Stratigraphical, 
and  Palaeontological ;  but  it  may  also  fairly  be  urged  that  one 
individual  might  devote  his  whole  time  to  the  literature  past  and 
present,  and  never  learn  a  tithe  of  all  that  has  been  done  in  geology. 
Consequently  the  deficiencies  of  one  work  are  compensated  by  others : 
and  while  we  give  honoured  places  on  our  bookshelves  to  the  general 
Manuals  of  the  older  geologists — to  Buckland,  Bakewell,  Trimmer, 
De  la  Beche,  Phillips,  Lyell,  and  Jukes,  the  value  of  whose  works 
is  now  to  a  large  extent  histoiical ;  so  alongside  of  Geikie,  Green, 
Seeley,  and  Etheridge,  we  accord  a  hearty  welcome  to  the  two  hand- 
8OD20  volumea  by  the  ex-Professor  of  Geology  at  Oxford. 
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Two  years  have  elapsed  sinoe  the  publioation  of  tbe  first  volume 
;  Prof.  Prestwioh*s  work  (see  notice  in  Gbol.  Mao.  for  1886,  p.  81), 
tit  the  delay  is  amply  explained  by  tbe  amount  of  labour  involved 
I  the  preparation  of  this  second  and  larger  volume — indeed  the 
lustrations  alone  must  have  cost  tbe  author  a  very  great  deal  of 
lought  and  attention.  With  regard  to  the  aspect  of  tbe  volume 
aelf,  we  oan  only  repeat  what  was  said  before,  and  speak  in  tbe 
ighest  terms  of  the  clearness  of  the  type,  tbe  excellence  of  the 
aper,  and  the  beauty  of  tbe  woodcuts  and  lithographic  plates.  In 
be  matter  of  illustrations  this  second  volume  is  even  more  profusely 
domed  than  its  predecessor.  Tbe  large  map  of  Europe,  printed  in 
olours  and  mounted  on  linen,  which  acts  as  a  folding  frontispiece, 
rill  in  itself  be  a  treasure  to  geologists.  It  is  the  work  of  Mr.  W. 
L*opley  and  Mr.  J.  G.  Goodchild,  and  shows  very  clearly  the  distri- 
mtion  of  tbe  principal  geological  formations.  Besides  256  woodcuts, 
» large  number  of  which  have  been  expressly  engraved  for  this  work, 
here  are  16  lithographic  plates  showing  characteristic  fossils  of 
lifferent  formations ;  they  have  been  drawn  on  stone  by  Miss  Ger« 
rude  Woodward,  and  we  may  observe  that  we  have  seldom  seen  in 
my  geological  work  illustrations  which  for  beauty  and  accuracy  are 
K|ual  to  these.  Tbe  woodcuts  include  pictorial  views  of  scenery  as 
nrell  as  groups  of  fossils,  and  sections  to  show  tbe  structure  of  various 
listricts ;  and  there  is  also  a  map  showing  tbe  probable  extent  of 
land  covered  by  ice  and  snow  during  tbe  Glacial  Period.  It  is  no 
exaggeration  then  to  state  that  this  is  tbe  best  printed  and  best  illus-* 
XBted  geological  text-book  that  has  been  produced  in  this  country. 

Tlie  former  volume  dealt  with  rocks,  sedimentary  and  eruptive, 
md  their  method  of  formation  ;  it  treated  of  ice  and  ice-action,  coral- 
slands,  earthquakes  and  volcanoes,  underground  water  and  springs, 
netalliferous  deposits,  and  metamorpbism. 

The  present  work  is  mainly  devoted  to  the  geological  history  of 
he  stratified  rocks.  Commencing  with  a  brief  account  of  tbe  early 
)onditions  of  tbe  earth's  crust,  tbe  author  gives  a  condensed  account 
)f  tbe  various  formations  in  ascending  order,  pointing  out  their  chief 
)hysical  features,  tbe  forms  of  life  represented  at  each  great  period, 
ind  the  distribution  of  tbe  rocks  over  tbe  surface  of  tbe  globe. 

In  such  a  comprehensive  survey  it  is  impossible  to  enter  into 
nuch  detail  respecting  tbe  minor  divisions  of  tbe  rocks,  and  their 
rarying  lithological  characters,  but  strict  impartiality  so  to  speak  in 
lealing  with  di£ferent  formations  is  apt  to  detract  from  originality, 
and  may  well  be  pardoned.  Nevertheless  we  feel  that  some  forma- 
tions have  received  but  scant  courtesy,  and  this  remark  refers 
^ecially  to  tbe  Devonian  rocks  and  Old  Red  Sandstone,  and  to  tbe 
Carboniferous  Limestone  Series.  On  the  other  band,  tbe  Corallian 
rocks  and  some  of  tbe  Tertiary  strata  are  treated  in  considerable 
detail.  But  while  the  stratigraphical  features  of  the  rocks  are  for 
the  most  part  dealt  with  in  a  broad  and  general  way,  their  palsBon- 
tology  is  very  fully  discussed.  The  leading  genera  and  many  of 
the  species  are  enumerated,  while  palseon to  logical  summaries  are 
given  of  the  life  of  the  larger  divisions  of  the  strata,  showing  the 
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period  of  incoming  of  tbe  different  classes,  and  the  orders  and 
genera  peculiar  to  the  Palssozoic,  Mesozoic,  and  Kainozoio  eras.  In 
the  various  tables  which  he  has  prepared  the  author  acknowledges 
his  indebtedness  to  the  elaborate  work  on  Stratigraphioal  Greblogy 
and  Palaeontology  issued  in  1885  by  Mr.  Etheridge. 

Of  great  value  to  students  will  be  the  excellent  aoooants  of  the 
foreign  equivalents  of  our  strata,  one  of  the  most  important  features 
in  this  work.  Not  only  are  the  sedimentary  rocks  in  different  parts 
of  Europe  described,  together  with  their  chief  palsaontological 
features,  but  the  rocks  so  far  as  they  have  been  determined  in  other 
parts  of  the  globe  are  likewise  mentioned :  so  that  with  the  aid  of 
the  geological  map  of  Europe  prefixed  to  this  volume,  and  the 
smaller  geological  map  of  the  world  prefixed  to  the  former  volume, 
the  student  can  follow  out  the  geographical  distribution  of  the  main 
divisions  of  the  strata  and  make  himself  acquainted  with  the 
principal  facts  in  their  life-history.  Several  Tables  of  Strata  are 
given  in  the  volume  before  us.  Table  I.  shows  the  Sedimentary 
Strata  in  England  and  their  Correlation  with  some  of  the  prinoipid 
Continental  Groups.  Then  follow  Tables  of  the  formations  in 
India,  North  America.  Australia,  New  Zealand,  and  South  Africa ; 
these  include  lists  of  the  characteristic  fossil  genera  of  the  principal 
divisions,  and  a  column  showing  the  probable  age  of  the  formatious 
compared  with  the  general  "  time-divisions  "  in  Europe. 

It  appears  likely  that  the  Table  of  English  formations  was  printed 
off  some  time  before  tbe  rest  of  the  work  was  in  type,  for  we  notice 
several  discrepancies  between  the  grouping  adopted  in  the  table  and 
that  in  the  text.  Thus  in  the  former  the  Folkestone  Beds  are  placed 
with  the  Gault,  and  in  the  latter  they  are  grouped  with  the  Lower 
Greensand.  The  Lenham  Sands  are  doubtfully  placed  with  the 
Miocene  in  the  Table,  and  later  on  they  are  provisionally  placed 
with  the  Pliocene  ;  the  Bure  Valley  Crag  is  classed  as  pre-Glacial 
in  the  Table,  while  in  the  text  further  on  it  is  grouped  with  the 
Pliocene  as  part  of  the  Norwich  Crag.  Moreover,  in  this  Table  the 
Becent  deposits  are  not  given  so  much  prominence  as  they  are 
in  Table  II.,  and  curiously  enough  they  are  separated  from  the 
Quaternary  Period.  The  terra  Kainozoio  should  be  employed  as 
a  comprehensive  term  to  embrace  both  Tertiary  and  Quaternary. 

The  terms  pre-Glacial  and  post-Glacial  are  still  used  by  Prof. 
Preatwich,  although  vague  terms  of  this  character  are  much  to  be 
deprecated,  as  they  are  liable  to  be  used  in  different  senses  by 
different  writers,  and  they  have  thus  no  definite  chronological  value. 
Noteworthy  instances  of  this  have  occurred  at  recent  meetings  of  the 
Geological  Society. 

Tlie  term  Oligocene  is  adopted,  the  Permian  is  grouped  with  the 
Palajozoic,  while  the  Silurian  is  employed  in  the  old  Murchisonian 
sense,  although  the  term  Ordovician,  now  very  largely  used  for  the 
"  Lower  Silurian  "  strata,  is  mentioned  in  a  footnote.  On  the 
whole,  however,  we  are  glad  to  find  that  the  old  familiar  names  of 
formations  are  used  by  the  author. 

If  the  labours   of  original  workers  are   more  or  less  hidden  in 
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the  *'  talna  "  before  mentioned,  so  we  naturally  look  for  a  due  record 
and  acknowledgment  of  them  by  those  who  have  sifted  out  and 
sorted  the  faots;  and  the  long  list  of  authorities  referred  to  or 
quoted  by  Prof.  Preetwioh  will  testify  to  his  laborious  research. 
Even  then  we  miss  some  well-known  names,  but  when  we  remember 
that  the  **  talus  "  includes  43  volumes  of  the  Quarterly  Journal,  24 
G^logioal  Magazines,  41  volumes  of  the  PalaBontographical  Society, 
not  to  mention  countless  other  Journals,  Transactions  and  Proceed- 
ings at  home  and  abroad,  some  omissions  are  not  surprising,  for 
even  the  "  Geological  Record  "  has  failed  to  keep  pace  with  these 
publications.^  And  among  the  long  list  of  papers  there  are  many 
whose  interest  is  purely  local,  and  others  that  tend  but  little  to 
advance  our  general  knowledge.  It  might  be  observed,  however, 
that  authors  would  facilitate  the  study  of  the  literature  were  each 
one  to  add  a  summary  of  his  views  and  conclusions  at  the  end  of 
his  papers. 

Geology  is  indebted,  however,  not  only  to  those  who  have  written 
pi^rs  on  various  subjects :  it  is  also  largely  indebted  to  many 
individuals  who  have  never  committed  their  views  to  print.  This  is 
particularly  the  case  with  our  local  geologists  who  have  accumu- 
lated large  collections  of  fossils,  and  who  are  ever  ready  to  commu- 
nicate their  knowledge  to  those  who  come  in  search  of  it. 

In  reviewing  the  present  work  we  naturally  turn  to  portions  which 
deal  with  debateable  subjects,  but  as  a  rule  we  do  not  find  special 
verdicts  on  vexed  stratigraphical  questions,  even  when  we  might 
expect  them,  the  reader  being  left  to  form  his  own  judgment;  the 
most  original  portions  of  the  book  are  those  which  deal  with  ques- 
tions in  physical  geology. 

In  briefly  treating  of  the  Archeean  rocks,  the  author  observes  that 
"  although  great  heat  and  pressure  might  effect  radical  changes  in 
early  sediments  when  covered  up  by  thick  masses  of  newer  rocks, — 
as  are  the  gneissio  rocks  of  North- Western  Scotland,  or  the  felsitic 
rocks  of  Wales,  by  overlying  Cambrian  and  Silurian  strata, — they 
would  not  afft)ct  ArchsBan  areas  such  as  those  of  North  America  and 
Scandinavia,  which  we  have  reason  to  suppose  have  never  been 
covered,  or  only  to  a  very  slight  extent,  by  newer  strata,  and  which, 
nevertheless,  exhibit  either  the  effects  of  intense  metamorphism,  or 
else  the  effects  of  hydro-thermal  conditions  originally  different." 
These  views  will  no  doubt  interest  students  of  these  ancient  rocks : 
we  may  also  note  that  the  organic  nature  of  Eozoon  is  practically 
accepted  by  the  author. 

In  his  account  of  the  Cambrian  and  Silurian  rocks  some  mention 
of  Barrande's  *  Colonies  *  might  have  been  given,  and  also  of  Mr. 
Marr's  modified  interpretation  of  them. 

The  author  considers  that,  during  the  Coal-period,  the  atmosphere 
was  more  dense,  and  more  charged  with  moisture  and  carbonic  acid, 
and  he  is  led  "  to  conclude  that  the  coal-growth  was  in  all  probability 
one  of  extreme  rapidity,  and  consisted  of  woods  and  plants  contain- 

^  The  Geological  Record  for  1879  was  published  in  1887. 
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ing  a  mucli  larger  proportion  of  carbon  than  any  existing  forest 
vegetation.*'  With  regard  to  the  excess  of  carbonic  acid  gas,  Mr. 
CaiTutbers  has  expressed  an  adverse  opinion,  and  experiments  made 
on  living  plants  have  shown  that  they  are  liable  to  be  poisoned,  like 
animals,  by  an  excess  of  the  gas.^ 

On  the  question  of  the  duration  of  Coal,  Prof.  Prestwich  adheres 
to  the  opinion  expressed  by  the  Royal  Commission  of  1871,  that 
allowing  for  the  rapidly  increasing  rate  of  consamption,  the  supply 
may  last  for  about  400  years.  It  is  interesting  to  learn  that  a  coal- 
pit at  Ashton  Moss  in  the  Manchester  Coal-field  has  recently  been 
sunk  to  the  great  depth  of  2850  feet,  and  another  pit  in  Belgium  to 
3411  feet. 

In  dealing  with  the  Permian  and  Triassic  rocks  the  author  refers 
to  the  great  earth- movements  that  took  place  before  and  between 
these  periods,  but  it  is  not  perhaps  sufficiently  pointed  out  that  in 
this  country  the  greatest  physical  break  is  at  the  base  of  the  Permian. 
With  regard  to  the  Trias,  the  central  division  known  on  the  Continent 
as  the  Muschelkalk  "is  wanting,  unless  it  be  represented  by  the 
'  Water-stones.' "  Here  some  allusion  might  have  been  made  to  the 
sequence  of  Ked  Rocks  in  Devonshire,  and  to  Mr.  Ussher's  sub- 
divisions of  Upper,  Middle,  and  Lower  Trias. 

The  author  devotes  some  space  to  the  subjects  of  rock-salt  and 
gypsum,  and  illustrates  his  remarks  with  an  account  of  a  boring  in 
Haute-Sadne.  The  origin  of  the  colour  of  the  red  rocks  and  the 
causes  of  the  rarity  of  fossils  are  also  discussed. 

The  Rhsetic  Beds  are  grouped  with  the  Trias,  but  the  White  Lias 
is  divorced  from  them  and  placed  with  the  "  Infra-Lias."  This  is 
not  a  happy  arrangement,  especially  too  when  the  White  Lias  and 
Sutton  Stone  are  associated  and  their  fossils  intermingled.  The 
latter  deposit  was  grouped  by  Charles  Moore  in  the  Zone  of 
Ammonites  angidatuSf  and  although  this  is  a  debateable  subject,  yet 
in  the  tabular  arrangement  given  by  Prof.  Prestwich  (p.  175)  we 
have  the  *'  White  Lias  and  Sutton  Stone  Beds  "  with  A.  angulatas, 
Lima  gtgantea,  etc.,  placed  below  the  zone  of  Ammonites  planorbis. 
The  White  Lias  is  distinguished  from  the  Lower  Lias  by  the  absence 
of  Cephalopoda,  while  it  contains  Cardiwn  Rhitiicumy  Pecten  Valoni' 
enaiSf  Lima  pracursorf  and  species  of  Fleurophorus,  Axinus,  eta,  that 
link  it  with  the  Avicula-contorta  shales.  Moreover,  at  the  localities 
mentioned,  where  the  surface  of  the  Kho^tic  beds  is  said  to  be  eroded, 
it  is  above  the  White  Lias  that  this  "  slight  break  "  locally  occurs. 

A  tabular  list  of  the  Lias  zones  is  given  (pp.  182,  183),  including 
those  of  A.  opalinus  and  A.  Jxirensis,  the  Midtord  Sands  being  taken 
in  with  the  Lias,  although  regarded  as  passage-beds  between  that 
formation  and  the  Inferior  Oolite.  In  this  table  A,  eapricomus 
should  come  below  A,  margaritatus.  We  are  glad  to  see  that  Prof. 
Prestwich  prefers  the  old  generic  name  of  Ammonites  to  the  many 
subgeneric  names  introduced  by  some  palaeontologists.  A  foil 
general  account  of  the  organic  remains  of  the  Lias  is  given. 

The  various  divisions  of  the  Oolites  are  treated  mainly  from  a 
*  See  Geol.  Mao.  1869,  p.  300,  1871,  p.  497. 
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West  of  England  point  of  view,  but  there  are  short  aooounts  of  the 
beds  in  the  Midland  counties,  Lincolnshire  and  Yorkshire.^ 

Passing  on  to  the  Cretaceous  chapters,  we  miss  a  reference  to  Mr. 
Meyer's  observations  on  the  "Punfield  Formation,"  for  these  to  a 
certain  extent  tended  to  destroy  its  individuality.  The  various 
divisions  of  the  Wealden  and  Lower  Greensand,  however,  are 
briefly  noticed,  and  the  more  marked  physical  changes  are  pointed 
out.  The  unconformity  and  overlap  of  the  Lower  Greensand  where 
it  rests  on  the  Jurassic  rocks  in  Wiltshire  and  other  parts  of  the 
country  is  in  reality  more  pronounced  than  the  word  '  tiighi '  seems 
to  indicate. 

With  r^;ard  to  the  Greensand  of  Blackdown  much  information  has 
been  given  in  papers  by  the  Rev.  W.  Downes,  while  Mr.  Meyer 
relinquished  the  opinion  that  any  part  of  the  formation  was 
synchronous  with  the  Upper  Neocomian  (Quart  Joum.  G^l.  Soa 
vol.  xlL  p.  27). 

The  account  of  the  Chalk  and  its  origin,  together  with  that  of  the 
flints,  will  be  read  with  interest  Prof.  Prestwich  is  of  opinion 
"  that  during  the  sedimentation  of  the  Upper  Gault,  Greensand,  and 
Lower  Chalk,  silica,  held  in  solution  by  alkalies  or  carbonic  acid, 
was  introduced  in  exceptional  quantities  into  the  Cretaceous  seas  by 
rivers  and  springs,  and  that  it  there  underwent  decomposition  in 
presence  of  some  of  the  sea-salts."  We  must,  however,  refer  our 
readers  to  the  work  itself  for  the  amplification  of  these  views,  the 
author  concludiug  that  *'  it  is  to  the  presence  of  silica  in  the  peculiar 
condition  known  as  soluble  silica  that  the  formation  of  flints  is  due." 

The  Tertiary  strata  call  for  no  especial  remark.  On  this  subject, 
indeed,  our  knowledge  is  most  largely  due  to  Prof.  Prestwich  himself. 
The  Lower  Bagshot  Sands,  as  noted  in  a  recent  paper  by  the  author, 
are  grouped  with  the  Lower  Eocene  on  account  of  their  intimate  con- 
nection with  the  London  Clay.  The  Bovey  Tracey  Beds  are  discussed 
with  the  Oligooene  Beds,  the  author  remarking  that  the  evidence 
brought  forward  by  Mr.  J.  S.  Gardner  to  place  them  in  the  Eocene 
division  is  "  by  no  means  conclusive." 

In  the  Pliocene  chapter  the  Lenham  and  St.  Erth  Beds  are  duly 
noticed,  while  the  Coralline  Crag  is  described  under  the  name  of 
"White  Crag."  The  Cromer  Forest-bed  is,  however,  included  in 
the  "  Westleton  Series,"  and  mentioned  among  the  Pre-Glacial  beds 
of  the  Quaternary  Period.  The  Glacial  beds  and  associated  phe- 
nomena are  described  at  some  length,  and  the  author  concludes 
"that  after  the  first  extreme  glaciation,  and  the  formation  of  the 
Lower  Boulder- clay  or  Till,  a  great  depression  ensued,  by  which 
Central  England,  Wales  and  Ireland,  were  submerged  to  the  extent 
of  1500  to  2000  feet.  This  led  apparently  for  a  time  to  the  inset 
of  warm  marine  currents,  and  the  introduction  of  a  more  southern 
marine  fauna  ;  but,  as  the  land  again  rose,  and  the  warmer  currents 
were   diverted   or   stayed,   colder   conditions    resumed,   and    arctic 

^  We  should  mention  that  the  references  to  figs.  1  and  2,  and  5  and  6  on  plate  vi.; 
tfaoee  to  4  and  5  on  plate  vii.;  and  again  those  to  7  and  8  on  plate  x.  are  unfortnnately 
traotposed. 
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Mollusca  returned  for  a  time  to  the  ooasts  of  Scotland."  He  adds 
that  **  the  phenomena,  as  a  whole,  go  to  show  that  the  glaciation  of 
Great  Britain  was  not  due  to  a  great  polar  ice-oap,  bat  was  of  local 
and  independent  origin."  With  respect  to  the  aooonnt  of  the  sup- 
posed great  thickness  of  Boulder-clay  at  Boston  (p.  446),  we  should 
mention  that  a  different  interpretation  of  the  section  was  given  by 
Mr.  Jukes-Browne  (Quart.  Journ.  Geol.  Soc.  vol.  xxxv.  p.  418). 

In  the  preface  to  the  former  volume  the  author  announced  himself 
as  to  a  certain  extent  a  non-conformist  in  Geology,  inasmuch  as  he 
had  been  led  to  believe  that  in  the  long  course  of  geological 
history,  the  physical  forces  underwent  constant  variation  in 
degree  and  intensity  of  action.  While  we  believe  that  strictly 
uniformitarian  views  are  held  by  few  if  any  geologists  at  the 
present  day,  we  are  quite  ready  to  admit  that  the  views  put  forth  by 
Prof.  Prestwich  will  exercise  a  wholesome  influence  on  geological 
thought,  although  certain  of  the  opinions  to  which  we  have  drawn 
attention  may  possibly  be  regarded  as  somewhat  extreme  and  ''  out 
of  date."  In  the  concluding  chapters  of  this  second  volume  the 
author  discusses  some  of  the  theoretical  questions  on  the  primitive 
state  of  the  earth,  and  the  condition  of  its  crust.  Here»  too,  be 
expresses  his  disagreement  with  the  notion  of  *'  the  lengthened  per- 
manence, as  a  whole,  of  the  ocean-troughs." 

Space  will  prevent  our  mentioning  many  other  subjects  of  interest 
discussed  in  this  volume,  but  we  may  confidently  commend  it  to  the 
advanced  student,  the  specialist,  and  the  professor,  indeed  to  all  who 
seek  to  become  acquainted  with  modern  achievements  in  geological 
science ;  for  all  inquirers  will  find  some  matters  of  particular  interest 
to  them,  obscure  topics  on  which  a  new  light  is  thrown,  or  theoretical 
subjects  illuminated  in  a  way  differing  from  that  usually  held  to  be 
orthodox. 


II. — Prop.  A.  Gaudry  on  thb  Pkrmian  Bkptilia  and  Amphibia 
OP  France.  ("  L'Aotinodon,"  Nouv.  Archiv,  Mus.  d.  Hist. 
Nat.  vol.  X.  pp.  1-32,  pis.  i.-iii.  (1887).  "  Les  Vertebres  Fossiles 
des  Environs  d'Autun,"  Mem.  Soc.  Hist.  NaL  (TAutunf  vol.  i. 
pp.  1-90,  pis.  i.-xi.  (1888). 

THE  petroleum  works  in  the  Permian  shales  of  Igomay  and 
Autun  in  the  department  of  Saone-et-Loire  of  Central  France 
have  brought  to  light  a  number  of  vertebrate  remains  which  now 
enrich  the  collection  of  the  Paris  Museum,  and  throw  much  light  on 
the  fauna  of  this  early  epoch.  These  remains,  as  we  learn  from 
Prof.  Gaudry's  memoirs,  have  been  collected  and  sent  to  the  Museum 
through  the  exertions  of  MM.  Koche  and  Bayle,  and  other  gentlemen 
connected  with  the  works ;  to  whom  all  students  of  this  branch  of 
palaeontology  are  deeply  indebted.  And  it  is  with  regret  we  learn 
that  the  all-pervading  American  competition  has  caused  the  closing 
of  these  works  for  the  present.  M.  Gaudry  records  seven  species  of 
Reptiles  and  Amphibians,  referred  to  six  genera,  and  seven  species 
of  Fiahea,  arranged  under  five  generic  Vieadm^s^  from  these  deposits. 
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In  the  Ito.  memoir  on  Aetinodon  cited  above  Prof.  Qaudry  gives 
us  ft  full  description  of  the  magnificent  series  of  remeins  of  this 
interoBttng  Labjriathodont,  of  which  preliminary  notices  have  been 
pablished  in  previous  works.  The  most  important  of  these  remaina 
is  the  Dearly  entire  skeleton  exceeding  two  feel  in  length,  of  which 
a  full-sized  representation  of  the  doreal  aspect  is  represented  in 
plate  i.  of  this  memoir.  In  this  skeleton  the  skull,  vertebral  column, 
pelvic  girdle,  and  limbs  are  benutifully  preserved ;  and  we  are 
glad  to  be  able  to  inform  our  readers  that  Professor  Gnudrj 
has  kindly  presented  a  oast  of  this  fine  specimen  to  the  British 
Mosenm.     Other  specimens  exhibit  the  three  thoraoio  plates  on  the 


ventral  aspect  of  the  body  (Fig.  1),  which  are  generally  correlated 
with  the  clavicles  and  intcrclavicle,  and  which  present  a  strong 
general  resemblanoe  to  the  probably  homologous  ento-  and  epiplastra 
of  the  Chelonia;  while  other  examples  exhibit  the  dermal  scutes 
covering  the  greater  portion  of  the  ventral  aspect  of  the  body. 
Aetinodon  belongs  to  a  group  of  Labyrinth odonts  confined  in  Burope 
to  the  Carboniferous  and  Permian  epochs,  and  characterized  by  the 
to-callod  '  rhaohitomous  *  structure  of  the  vertebrae  (Fig.  2).  In 
such  vertebrte  the  body,  or  centrum,  is  imperfectly  ossified,  and 
consists  of  two  lateral  elements  termed  the  pleurocentra  (pi.  e.),  and 
a  median,  horse-shoe-like,  piece  known  as  the  interoentrum  or  hypo- 
oentrnm  (i.e.).  Considerable  discussion  has  taken  place  as  to  the 
precise  homology  of  these  elements,  into  which  it  would  be  out  of 
place  to  enter  here  ;  but  it  may  be  observed  that  the  general  balance 
of  opinion  is  in  favour  of  regarding  the  hypooentra  as  the  repre- 
sentatives of  the  centrum  proper,  while  the  intercentrum  corresponds 
to  the  intervertebral  wedge-bones  of  Sphenodon.  and  is  theretore  a 
true  intercentral  element.  M.  Gaudry,  however,  does  not  quite  agree 
with  these  conclusions. 

In  Europe  this  group  includes,  among  others,  Archegotaarvg, 
which  is  both  Carboniferous  and  Permian,  EaekiroBaitru*  (Fig.  2)  of 
the  French  Permian,  C'ochleosaurua  from  the  corresponding  beds  of 
Bohemia,  and  Flalijopi  from  those  of  Russia.  la  Africa  it  is 
represented  by  Rhi/lidotleus  of  the  Karoo  system ;  in  India  by 
Qandwanoaawut  of  the  Bijort  beds  of  the  Goudwanas;    while  the 
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preoccapied  name  Plalyeept  baa  been  rocentl;  applied  to  an  allied 
form  from  approximately  equivalent  beds  in  Kew  South  Wales. 
In  the  New  WurM  tbe  strata  in  North  Amerioa  commonly  tenned 
Ferniiau  have  also  yielded  a  number  of  kindred  forma,  auoh  as 
Trimerorhuchii,  Eryop»,  Zalraehyg,  Cricoliu,  etc.  Whether  these 
numeroQS  forms  should  be  referred  to  one  or  more  families,  or 
whether  several  of  the  genera  will  subsequently  have  to  be  united, 
is  a  matter  of  but  little  moment ;  their  interest  lyinf;  in  the  evidence 
they  afford  that  at  an  early  epoch  of  the  world's  history  the 
terrestrial  vertebrate  life  over  at  least  a  large  part  of  the  surface  of 
the  globe  presented  the  same  general  fade*.  To  assume,  however, 
that  these  different  forme  existed  at  precisely  the  same  absolate  data 
in  widely  distant  regions  is  clearly  illogical.     But  if  we  have  only 


Fia.  2.  Left  lateral  and  poBlenor  Tieira  of  a  vertebra  of  Bue/iirotaurui  Rochii.  nat. 
size.  n.  neural  apiue,  vith  lateral  eipansions  at. ;  i.  suture  between  epine  and 
arch;  ta.  tp.  Bulerior  and  piMleriar  zjgapuphjses ;  d.  traniverM  proceaa;  c. 
costal  articulatiiin ;  pl.c,  pleuroceatnim ;  i.e.  ialerctotrina  ;  e.r.  neural  canal  i 
not,  notochordal  vacuity. 

to  reckon  by  the  evidence  of  land  deposits,  and  are  careful  to  use 
tbe  t«rra  komolaxial  equivalency  in  its  proper  original  sense  (i.e.  as 
essentially  implying  the  absence  of  absolute  synchronism),  tlien  it 
may  be  convenient  to  provisionally  regard  the  deposits  in  which 
moat  of  these  Labyrinthodonts  occur  as  of  Permian,  or  perhaps  in 
some  cases  of  Lower  TriasBJc,  age.  It  may,  however,  happen  that, 
to  ns8  Professor  Huxley's  graphic  simile,  we  shall  eventually  be 
able  to  correct  our  terreslrial  clock  by  our  marine  clock,  when  we 
tnajr  £iul  that  the  former  has  Uigged  buUind,  ao  that  our  European 
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land  f&ana  id  distant  regione  oo-eziBted  with  an  Upper 
i&rine  fauna.  la  such  an  eventaality  we  sbould,  of  oouree, 
.ke  the  raarinB  clock  ae  the  standard  time-ke«per. 
x>nd  memoir  qnoted  at  the  head  of  this  notice  is  mainly 
of  separata  artioleH  published  by  the  author  in  the  Bull. 
.  France,  and  is  the  second  part  of  his  "  EnDhatnementii 
•  Animal  "  (1883) ;  and  is  illustrated  both  by  woodouts  and 
t  forms  the  first  part  of  a  new  serial  oominenced  by  the 
listory  Society  of  Autun,  which  is  to  be  congratulated  on 
azcellent  beginning.  A  reduced  plate  is  given,  of  the 
of  Aetinodon  already  noticed,  together  with  one  of  a 
f  preserved  portion  of  the  vertebral  column  oi  Arehegotaurut; 
ir  plates  are  devoted  to  Haptodiu,  Eaehiroiaurus,  Protriton, 
-a,  etc     Among  the  Labyrinthodont  forms  illustrated  by 


perfect  lefthumeruBoi  SI»rurhacJiii 


Duta.  we  inny  especially  oflll  attention  to  the  remarkable 
a  of  tlie  summits  of  the  neural  spines  of  the  vertebrie 
(,  of  whicb,  liy  the  courtesy  of  Prof.  Qaiidry,  we  aro 
M  reproduce  the  illustration  iu  Fig.  2.  The  probable 
f  the  French  Proirilon  (Fig.  3)  with  the  Bohemian  Branekio- 
i  been  already  noticed  in  a  review  published  by  the  present 
the  previous  volume  of  this  Journal.  The  true  Reptiles 
the  Aiituu  deposits  comprise  Haptodtu  and  Slereorhnehit, 
er  is  known  by  a  considerable  portion  of  the  skeleton, 
unfortunately  in  a  much  dislucated  and  unsatis factory 
Prof.  Uauilry  suggests  that  this  form  maj  be  SiUlftd  to 
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the  Thuringian  Proieroiaurvt,  although  the  teeth  are  not  implanted 
in  distinct  sockets,  as  was  thought  to  be  the  case  with  the  latter. 
Since,  however,  Prof.  Seeley  has  recently  shown  that  the  latter 
supposition  is  incorrect,  the  alleged  difference  is  non-existent ;  and 
the  skull  of  HaptoduM  certainly  appears  to  present  a  striking  general 
resemblance  to  that  of  the  Thuringian  genus,  as  far  as  its  crashed 
condition  admits  of  comparison.  The  second  genus,  Siereorhathist 
is  described  upon  the  evidence  of  part  of  the  upper  jaw,  vertebra, 
and  the  humerus  (Fig.  4).  Prof.  Gaudry  suggests  affinity  with 
Prof.  Cope's  North  American  genus,  ClepBydropa,  which  is  found  in 
the  same  beds  as  the  Actinodon-like  Labyrinthodonta.  The  stmctui-e 
of  the  humerus,  with  its  characteristic  entepicondylar  foramen,  dearly 
shows  that  this  form  is  a  member  of  the  suborder  Theriodontia 
(Pelecosauria),  and  the  probability  of  its  belonging  to  the  CUp9ydro' 
pida  appears  very  strong. 

We  may  conclude  not  only  by  complimenting  the  learned 
Professor  of  Palaeontology  in  the  Paris  Museum  on  the  issue  of 
these  two  memoirs,  but  with  the  hope  that  the  incessant  reyolutions 
in  commerce  will  ere  long  render  it  practicable  to  work  the  Auton 
oil -shales  at  a  profit  B.  L. 


in. — ^Thk  Solomon  Islands,  their  Qeolooy,  etc,  by  H.  B.  Quppt, 
M.B.,  F.G.S.,  late  Surgeon  RN.  Pp.  162,  with  Maps  and  Two 
Plates.     (Swan  Sonnensohein,  Lowrey  &  Co.»  1887.) 

THIS  is  the  companion  volume  of  a  work  entitled  *'The  Solomon 
Islands  and  their  Natives,"  which  was  reviewed  in  **  Nature,'' 
Dec.  29,  1887.  In  his  larger  work  the  author  dwelt  on  the 
ethnology,  climate,  natural  history,  botany,  etc,  of  these  Islands, 
and  in  the  one  now  under  consideration,  which  was  published 
simultaneously,  he  deals  with  their  geological  structure  and  general 
physical  features,  fie  states  in  the  preface  that  the  chief  value  of 
his  observations  lies  in  the  fact  that  his  collections  of  the  calcareous 
rocks  and  of  the  other  recent  deposits  were  examined  by  Dr.  John 
Murray  in  the  light  of  the  results  obtained  by  him  from  the  exami- 
nation of  the  deep-sea  deposits  procured  by  the  **  Challenger "  and 
other  expeditions,  and  also  in  the  circumstance  that  the  characters  of 
the  volcanic  rocks  were  determined  by  Prof.  Judd  and  Mr.  T.  Davies 
with  the  aid  of  numerous  microscopic  sections.  Mr.  H.  B.  Brady 
has  likewise  been  engaged  in  examining  some  of  the  Foraminifera. 
A  type  collection  of  the  calcareous  rocks  and  other  deposits  has 
been  placed  in  the  Jermyn  Street  Museum,  and  the  volcanic  rocks 
are  in  the  British  Museum. 

Some  of  the  larger  islands,  like  St  Ghristoval,  are  mainly 
composed  of  much  altered  and  highly  crystalline  volcanic  rocks, 
such  as  (in  the  order  of  their  frequency)  dolerites,  diabases, 
diorites,  gabbros,  serpentines,  saussuritic  felspar  rock,  etc.  It  is 
most  probable  that  the  greater  number  of  the  seven  large  islands 
of  the  group  are  mainly  composed  of  these  ancient  and  highly 
altered  voicanio  rocks*    The  Islaxid  oi  Bovi^\\iNvUA,  however,  would 
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appear  to  be  of  more  recent  volcanio  origin.  It  seems  to  be  formed 
of  a  linear  series  of  lofty  mountain  cones,  one  of  which  at  least  is 
active  at  the  present  day.  The  smaller  islands  of  volcanic  consti- 
tution are  either  mixtures  of  modem  rooks  with  more  ancient  and 
often  highly  crystalline  rocks,  or  they  are  composed  almost  entirely 
of  recently  erupted  materiaL  In  the  latter  case  the  islands  preserve 
the  volcanic  profile,  possess  craters,  and  sometimes  exhibit  signs  of 
latent  activity.  Pages  8-62  are  devoted  to  the  details  of  these 
volcanic  islands. 

That  an  enormous  amount  of  denudation  has  affected  the  Solomon 
Islands  is  evident  from  the  laying  bare  of  the  deep-seated  plutonio 
rocks  before  mentioned ;  and  it  is  also  equally  certain  that  this  is  an 
area  of  elevation,  by  no  means  remote  in  time,  through  a  vertical 
range  of  some  thousands  of  feet  This  is  abundantly  shown  by  the 
various  muds  and  oozes  of  deep-sea  type  which  now  constitute  a 
notable  proportion  of  the  land  above  sea-level — a  class  of  deposit 
possessing  considerable  interest  for  geologists,  whilst  to  those  who 
have  been  engaged  in  testing  the  nature  of  the  ocean  floor  such  rocks 
afford  an  opportunity  of  a  comparison  of  great  value.  Hitherto 
there  has  been  little  chance  of  studying  the  consolidated  oceanic 
muds,  since  it  is  pretty  well  understood  by  this  time  that  the 
ordinary  formations  of  continents  and  continental  islands,  such  as 
our  own,  have  nothing  in  common  with  the  oceanic  muds  and  oozes 
now  in  course  of  deposition.  It  is  just  possible  that  the  Chalk  may 
be  an  exception  to  this  rule,  but  at  any  rate  we  have  quite  enough 
controversial  matter  before  us  without  troubling  ourselves  with  this 
question.  The  so-called  "  chalk  "  of  New  Ireland  is  regarded  by 
Mr.  Brady  as  a  deep-sea  deposit  of  comparatively  recent  age,  which 
was  probably  formed  in  depths  of  not  less  than  from  1500  to  2000 
fftthoms.  Then  again  there  is  the  well-known  Suva  deposit,  or  so- 
called  **  soapstone  "  of  the  Fiji  Islands,  which  has  been  the  subject 
of  a  recent  communication  by  Mr.  Brady  to  the  Geological  Society. 
Thus  glimpses  have  from  time  to  time  been  obtained  of  the  nature 
of  the  deep-sea  deposits,  when  elevated  into  dry  land,  from  more 
than  one  quarter,  and  we  are  therefore  prepared  to  read  Mr. 
Gappy's  account  of  the  recent  calcareous  formations  of  the  Solomon 
Islands  with  a  considerable  amount  of  interest,  not  to  say  of 
cariosity. 

The  recent  rocks,  he  says,  may  be  arranged  into  several  groups, 
commencing  with  the  coral  limestone  and  ending  with  the  deeper 
deposits.  The  first  group  includes  the  coral  limestones  properly 
80  called,  which  are  mainly  composed  of  the  massive  corals  in 
different  stages  of  fossilization.  The  interstices  are  filled  by  coral 
debris,  molluscan  shells,  and  the  remains  of  the  numerous  organisms 
that  live  upon  the  reefs. 

The  second  group  includes  those  coral  limestones  which  have  the 
composition  of  the  coral  muds  and  sands  that  were  found  by  the 
'' Challenger  "  expedition  to  be  at  present  forming  near  coral  islands 
and  along  shores  fringed  by  coral  reefs.  They  are  derived  chiefly 
from  the  disintegration  of  the  neighbouring  reefs,  bvit  tbe^  x^o^vs^ 
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large  additions  from  the  shells  and  skeletons  of  pelagio  organisms, 
as  well  as  from  those  of  animals  living  at  the  bottom.  Three  prin- 
cipal varieties  are  indicated  in  this  groap,  which  includes  the 
majority  of  the  so-called  coral  limestones  found  in  the  Solomon 
Islands.  The  non-calcareous  matter,  which  is  small  in  amount,  con- 
sists of  the  common  volcanic  minerals,  and  a  few  glassy  fragments, 
etc.  The  chalky  coral  limestones  constitute  a  section  of  this  group ; 
and  the  consolidated  calcareous  ooze  of  the  channels,  which  forms 
compact  fawn-coloured  limestones  of  homogeneous  texture,  also  is 
referred  to  this  group. 

The  third  group  comprises  a  still  greater  variety  of  rocks,  corre- 
sponding in  composition  to  the  volcanic  muds  and  pteropod  oozes  of 
the  ^*  Challenger."  These  are  composed  of  the  dibria  of  volcanic  rocks 
mixed  with  the  shells  of  Foraminifera,  Molluscs  and  many  other 
calcareous  organisms.  Judging  from  the  Foraminifera  they  may  be 
regarded  as  of  Post-Tertiary  age. 

The  fourth  group  comprises  the  foraminifeial  limestones,  which  are 
grey  or  yellowish-brown  in  colour,  hard  and  compact  in  texture,  and 
are  chiefly  made  up  of  the  tests  of  pelagic  and  bottom-living  Foram- 
inifers.  They  usually  contain  from  70  to  85  per  cent  of  carbonate 
of  lime,  and  may  be  described  as  the  consolidated  foraminiferous 
oozes  of  the  "  Challenger "  and  other  expeditions.  An  interesting 
description  of  a  Bhynchonella-limestoue  and  some  valuable  remarks 
relative  to  the  beach  sand-rock,  which  is  generally  regarded  as  in 
some  way  connected  with  the  formation  of  oolite,  follow,  and  then 
comes  a  detailed  description  of  the  several  calcareous  islands. 

Dr.  Guppy*8  descriptions  of  the  calcareous  formations  of  these 
islands  afford,  probably,  the  most  complete  account  we  have  yet 
received  of  the  role  played  by  the  deposits  of  the  deep  ocean  in  the 
formation  of  rock-masses ;  and,  at  the  same  time,  it  is  difficult  to 
conceive  anything  more  interesting  to  geologists,  who,  if  the  charter 
of  the  Geological  Society  be  accepted  literally,  are  supposed  to  be 
desirous  of  investigating  the  mineral  structure  of  the  earth.  This 
portion  of  the  work  is  also,  in  the  main  free  from  controversial 
matter. 

It  would,  however,  have  been  impossible  for  Dr.  Guppy  to  have 
ignored  the  question  of  the  mode  of  foimation  of  coral  reefs,  when 
engaged  in  the  general  physical  investigation  of  the  Solomon  Islands. 
His  conclusions  on  this  point  may  be  summarized  as  follows : — 
(1)  That  the  upraised  reef  masses,  whether  atoll,  barrier,  or  fringing 
reef,  were  formed  in  a  region  of  elevation  ;  (2)  that  such  upraised 
reefs  are  of  moderate  thickness,  their  vertical  measurement  not 
usually  exceeding  the  usual  limit  of  the  depth  of  the  reef-coral 
zone  ;  (3)  that  these  upraised  reef  masses  in  the  majority  of  islands 
rest  on  a  partially  consolidated  deposit,  which  possesses  the  characters 
of  the  "  volcanic  muds  "  that  were  found  during  the  "  Challenger  " 
expedition  to  be  forming  round  volccmic  islands;  (4),  that  this 
deposit  envelopes  anciently  submerged  volcanic  peaks. 

Plans  and  sections  are  given  in  the  two  accompanying  plates,  and, 
iftheae  axe  to  be  relied  upon,  the  coral  Ume^tonea  are  shown  to  exist 
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u  little  more  tban  a  facinp^  or  veneer  upon  the  really  bulky  ooze 
deposits.  Sach  an  arrangement  tallies  far  better  with  the  develop- 
ments of  reef-bailding  ooral  known  to  exist  in  our  own  islands  than 
ihe  more  stupendous  thicknesses  assigned  to  reef  rock  under  the 
•obsidence  hypothesis.  Indeed  the  author  claims  that  these  excessive 
thicknesses  may  be  altogether  hypothetical  in  the  majority  of  cases. 
It  has,  we  believe,  been  no  uncommon  thing  for  geologists  to  over- 
estimate the  thickness  of  beds  from  various  causes.  As  a  familiar 
instance  of  this,  we  may  cite  the  classical  section  of  Assynt,  where, 
according  to  the  interpretation  of  Sir  R.  Murchison,  a  thickness  of 
thousands  of  feet  was  assigned  to  the  quartzite-limestone  series  of 
Ben  More;  whereas,  if  that  celebrated  geologist  had  taken  the 
trouble  to  penetrate  into  the  heart  of  the  mountain,  instead  of 
inspecting  its  flanks  alone,  he  would  have  found  that  this  imposing 
and  seemingly  solid  array  was  merely  a  casing  over  the  great 
Archasan  masses  beneath — a  trap,  in  fact,  set  by  nature  to  catch 
those  who  are  in  the  habit  of  taking  a  one-sided  view  of  things. 

Naval  men  of  experience  are  evidently  beginning  to  doubt  the 
sufficiency  of  the  subsidence  theory  to  explain  the  production  of 
barrier  reefs  and  atolls.  This  has  been  made  very  plain  by  the 
notice  on  Coral  Formations  from  the  Hydrographer  to  the 
Admiralty  which  appeared  in  "Nature"  (Feb.  23,  1888).  At  the 
satne  time  we  must  guard  ourselves  against  any  unfair  imputations 
which  it  may  be  sought  to  fasten  upon  the  principal  author  of  the 
subsidence  theory,  in  view  of  its  possible  collapse. 

That  most  judicial  of  all  writers  took  into  consideration  the 
majority  of  the  theories  which  had  been  advanced  in  his  day,  and  if 
he  ultimately  decided  in  favour  of  the  subsidence  theory,  it  was  move 
from  lack  of  evidence  than  from  any  other  cause.  But  the  master 
is  generally  surpassed  by  the  disciple  in  the  implicitness  of  his 
faith.  The  latter,  fascinated  by  an  explanation  which,  in  this  case, 
has  the  merit  of  great  ingenuity,  and  possessed  by  a  natural  un- 
willingness to  admit  that  his  wisdom  is  foolishness,  views  with 
suspicion  anything  likely  to  compromise  his  orthodoxy. 

Such  considerations  may  possibly  help  to  account  for  the  nervous 
reluctance  of  many  geologists  to  accept  any  explanation  of  the  origin 
of  coral  reefs  unconnected  with  or  adverse  to  the  subsidence  theory. 
It  is  perfectly  true  that  Darwin  had  Dr.  Murray's  facts  and  inferences 
hefore  him,  and  that  he  made  no  sign  of  change  in  his  views  (letter 
dated  1880,  quoted  by  Mr.  Mellard  Reade  in  "Nature,"  Nov.  17, 
1887),  nor  have  we  any  absolute  right  to  assume  that  even  the 
remarkable  physical  history  of  the  Solomon  Islands  would  have 
induced  him  to  modify  them.  But  no  matter  how  great  may  be  the 
authority  of  any  one  individual,  living  or  dead,  if  a  series  of  facts, 
such  as  those  recorded  in  the  work  before  us,  are  plainly  repugnant 
to  the  theory  of  subsidence  in  connection  with  the  growth  of  reef- 
coral,  it  is  the  manifest  duty  of  geologists  especially  to  examine 
such  facts  without  prejudice,  and  to  be  ready  to  modify  their  views 
in  accordance  with  the  ever-advancing  tide  of  scientific  knowledge. 
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IV. — A  Skktch  of  Gbolooigal  Histobt,  bbino  the  Natural 
History  of  the  Earth  and  of  its  Pbe-Huhan  Inhabitants. 
By  Edward  Hull,  M.A.,  LL.D.,  F.B.S.  8vo.  pp.  179.  Coloured 
Sections.     (London,  1887.) 

IN  order  that  our  Scienoe  may  draw  recruits  from  all  types  of 
minds  and  from  all  quarters,  and  that  it  may  exercise  doe 
influence  on  other  classes  of  research,  it  is  necessary  that  its  soundest 
and  most  advanced  conclusions  should  occasionally  be  put  before  the 
world  in  an  interesting  fashion,  in  brief  and  popular  books.  In  the 
days  of  Sedgwick  and  Murchison  the  science  was  accounted  a  hard- 
walking,  hard-working,  fighting  science,  suited  for  healthy  bodies, 
keen  eyes,  and  deep-thinking  minds,  while  Lyell  and  Darwin  made 
plain  that  work  could  be  done  by  all,  whether  they  had  the 
opportunity  of  world-girdling  travel  or  could  only  watch  worms  in 
a  back  garden.  We  recovered  from  an  era  of  species-making  and 
minute  subdivisions  when  (though  others  shared  in  the  researches) 
Sir  A.  Ramsay  and  Professor  Hull  gave  to  the  reading  public  a 
ohance  of  seeing  the  result  of  this  work  in  the  successive  geographical 
phases  through  which  our  own  and  other  areas  have  passed. 

So  when  the  latter  author  produces  ''A  Sketch  of  Geological 
History,"  part  of  a  series  of  works  on  Universal  History,  evidently 
intended  to  be  read  by  a  very  large  section  of  the  public,  we  have  high 
expectations  that  even  this  most  abstruse  branch  of  the  science  will 
be  dressed  in  its  most  attractive  garb,  that  we  shall  find  arguments 
(at  least  indicated)  as  well  as  facts,  that  all  but  necessary  technicalities 
will  be  shelved,  and  that  we  shall  be  presented  with  a  oomprehensive 
view  of  the  inorganic  condition  of  the  surface  of  our  planet,  and  of 
the  organic  evolution  which  took  place  upon  it  One  in  need  of 
such  things  turns  to  the  work  and  alights  on  this  passage  : — "  The 
Lamellibranchs  were  also  exceedingly  abundant,  yielding  1319 
species;  the  most  abundant  being  the  genera  AvicvUa,  QervHHa^ 
OryphaOf  lAmay  Ostrcsa,  Pecten,  Pinna,  Flicattda,  Area^  Aatarte, 
Cardium,  Cypricardia,  Gresslya,  Leda,  Modiola,  Myadtes,  Mytilus, 
OpiSy  Pholadomya,  Pleuromya,  and  Trtgonia ;  many  of  these  genera 
survive  in  the  seas  of  the  present  day.*'  Will  he  close  the  book  in 
despair  ?     Let  us  see. 

The  work  opens  with  a  small  division  on  the  Consolidation  and 
Cooling  of  the  Globe,  and  the  Plutonic  Rocks.  Perhaps  this  was 
inevitable,  but  surely  the  human  mind  would  then  hanker  after 
some  guiding  principle  to  tell  it  how  to  digest  the  chaotic  mass  of 
"clay-slates,  conglomerate,  quartzite,  and  limestone,"  which  it  is 
shortly  called  upon  to  consume,  into  some  form  of  nourishing  mental 
pabulum.  It  needs  to  be  shown  in  what  forms  the  rocks  themselves 
contain  the  evidence  on  which  the  old  physical  geography  may  be 
restored,  but  that  this  evidence  is  sometimes  unattainable  because 
the  strata  may  have  been  removed  by  denudation  or  be  covered  by 
subsequent  deposits.  In  the  first  case  some  help  may  be  obtained 
if  the  strata  are  conformable  by  the  evidence  given  by  previous  and 
subsequent  deposits;  if  unconformable,  by  the  very  nature  of  the 
movementa  which  produce  the  wucoiifotmity.    In  the  second  case 
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9  are  helped  by  facts  gained  by  deep  borings,  by  the  facta  of 
JflBontological  distribution,  and  by  the  nature  of  earth-movements 
preceding  periods. 

Even  if  we  pass  over  the  extreme  difficulty  exhibited  by  the  nature 
'  the  case  in  the  Archaean  and  Lower  Palaeozoic  ages,  it  is  difficult 

see  why  the  author  has  said  so  very  little  about  his  favourite 
evonian  period,  so  little  that  even  the  customary  ''Position  of 
«  and  Land  during  the  Period "  has  been  omitted.  Turning 
^n  to  the  Carboniferous  period,  Englishmen  reading  an  English 
x>k  would  have  liked  some  reference,  not  only  to  the  Atlantis,  a 
Lmmary  of  the  arguments  for  which  is  given,  but  to  the  borders  of 
le  continent,  whatever  it  was,  on  whose  edges  the  deposits  so 
iportant  to  our  industries  were  made,  and  some  of  whose  shore 
DCS  have  been  so  well  worked  out  in  England.  The  notice  of  the 
ide  spread  of  shells  and  plants  in  this  period  is  interesting,  but  the 
itrained  reader  needs  to  be  shown  the  bearing  of  this  in  the 
icreased  complexity  of  the  barrier  system  which  guides  distribution, 
itroduced  by  the  development  of  earth-movement  as  time  went  on. 
he  author  again  has  been  one  of  the  chief  to  insist  on  great  crust 
ovements  some  time  after  the  Carboniferous  period  ;  should  he  not 
ive  shown  us  that  the  development  of  the  Pendle  and  London 
dge,  and  other  E.  and  W.  ranges,  and  of  the  Pennine  and  other  N. 
id  S.  ranges,  must  have  had  some  influence  on  the  geography  of 
le  succeeding  Permian  or,  at  latest,  the  Triassic  periods  ?  As  we 
«ch  later  times,  the  geography  is  better  worked  out,  but  even 
9se  we  are  not  definitely  told  that  while  conformable  strata  furnish 
le  history  of  submersion,  unconformabilities  are  no  less  valuable  as 
iving  evidence  of  land  surfaces,  and,  by  telling  us  of  movement  and 
ountain  building,  show  us  in  what  direction  to  look  for  shore  lines ; 
>r  do  we  think  the  term  "conformable  hiatus"  has  any  very 
voided  advantage  over  the  older  one  of  deceptive  unconformity. 

Side  by  side  with  rock  history  we  are  given  an  account  of  the 
issils  of  each  formation.  The  technical  student  has  no  need  of  such 
Bts,  and  of  what  use  can  they  be  to  the  general  reader  ?  The  author, 
ither  late  in  the  work,  sets  himself  an  example  when  he  gives  a 
irtial  sketch  of  the  evolution  in  the  ancestry  of  the  Horse.  Ought 
9  not  to  have  shown  that  the  same  can  be  done  for  some  other 
[ammalia,  and  to  have  indicated,  throughout  the  Tertiary  period, 
tendency  to  advance  from  generalized  to  specialized  forms  of  life  ? 
he  Dinosaurs  and  Birds  have  their  proper  share  of  attention  in  the 
[esozoic  rocks,  but  we  cannot  help  thinking  that  a  few  words  of 
cplanation  on  the  zoological  position  and  affinities  of  the  rest  of  the 
[eptiles,  of  the  Amphibians,  and  the  Fish  would  have  been  more 
seful  than  clouds  of  names  ;  nor  do  we  think  that  the  bald  statement 
lat  a  species  of  Ceratodus  survives  in  Australian  rivers  is  enough  to 
lake  of  a  most  significant  fact.  Could  not  the  author  have  helped 
le  reader  by  giving  him  an  inkling  as  to  what  a  heterocercal  tail 
sally  meant,  and  particular)}^  in  alluding  to  the  embryonic  fish  types 
f  the  Devonian  period  ?  The  possibility  of  an  explanation  of  the 
adden  appearance  of  so  many  forms  of  life  in  the  Cambrian  ^^eriod 
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ought  IiBnilj  to  Imve  been  pasBed  by.  God  win -Austen's  dfiUiical 
luumoir  mi);bt  Lnve  i)u^;eiited  somp  pointR  of  importance  in  dealing 
will)  tlie  CarbonirerouE  rocks ;  there  ifi  not  abKoIuIa  unanimity 
amonRst  geologists  as  to  tbe  abyanal  origin  nf  the  Chalk,  or  about 
the  Miowiie  ngo  of  the  Bovey  lignites;  wliile  tlie  height  of  Moel 
Tryfaen  is  genernlly  given  as  1360  and  not  1170  feet. 

The  book  suffers  also  from  many  misprints;  there  is  hardly  a 
fossil  list  without  one ;  we  often  have  c»  for  le,  and  we  meet  with 
artica,  C.  elaphat,  BhynconeUa,  Anehglerium,  Criitellaria,  NauloU, 
ArehaopUrix,  Belemintea,  E.  liliiformiu,  etc  We  cannot  help 
closing  the  work  with  a  feeling  of  disappointment  that  a  capilal 
opportunity  hae  been  missed  of  presenting  to  unteobaical  readers 
a  readable  and  yet  tboroagh  and  eoientifo  "Sketch  of  Geological 
History." 


V. — A  Skbtoh  or  the  Geolooi  and  Clihatb  or  HEBTroBDSHiBE. 
By  John  Hopkimson,  F.L.S.,  F.G.S.,  Treas.  Geol.  Aesoo.,  V.P. 
Herts  Nat.  Hist.  Soo.  (Hertford,  printed  by  Stephen  Austin  and 
Sons,  1887.) 

THIS  is  an  extract  from  the  lutrodnction  to  tbe  "  Flora  and  Fauna 
of  Hertfordshire,"  by  the  kte  R.  Pryor,  B.A.,  F.L.S.,  wbicb 
now  appears  in  a  separate  form  as  a  small  quarto  of  52  pages, 
together  with  a  coloured  map  of  the  county  showing  its  river  basins 
as  adopted  for  the  Botanical  Districts.  The  interest  is  la^ly 
meteorological  and  botanical,  bnt  the  whole  structure  is  laid  on  a 
geological  foundation.  This  part  of  tbe  subject  is  illustrated  by  two 
maps,  the  first  of  which  shows  the  superficial  geology — Alluviun, 
Boulder  Clay,  Gravel  and  Sand  chiefly  Glacial,  Brick-earth,  Clay 
with  flints  and  occasionally  Brick-eartb,  Pebble  Gravel,  and  lastly 
Eocene  and  Cretaceous.  Although,  of  course,  one  or  other  of  the 
two  latter  underlies  the  entire  surface  of  the  county,  both  are  so 
largely  masked  by  superficial  or  "  drift "  beds  that  the  second,  or 
agricultural,  map  is  mainly  influenced  by  the  development  of  thesa 
siiperficinl  beds.  Doubtless  many  of  these  facts  are  well  known  to 
etudeuls  of  tlie  various  Memoirs  dealing  with  tbe  London  Basin, 
but  Mr.  Hopkinson  has  bis  own  way  of  telling  the  story,  and  he 
contrives  to  put  a  considerable  amount  of  useful  matter  before  his 
reader  within  the  limits  of  a  very  few  pages.  The  chapter  on 
Hydro-geology  is  especially  interesting,  and  in  view  of  the  impending 
drought  may  well  attract  attention.  The  Botanical  Districts  would 
seem  to  coincide  with  the  river  systems.  I.  Drainage  of  the  Ouse; 
1  Cam,  2  Ivel.  II.  Drainage  of  the  Thames:  3  I'hame.  4  Colne, 
5  Brent,  6  Lea.  The  first  three  are  outside  the  London  Basin  and 
together  constitute  not  more,  perhaps,  ihau  one-eighth  of  tbe  county. 

W.  H.H. 
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pALtONTOLOaiE,  DIBIGtE  PAR  Db.  L.  CaBEZ  POUB  LA  PABTIB 
GiOLOaiQUB,  ET  H.  DoUYILLt  POUB  LA  PABTIB  PaL^ONTOLO- 
GIQUB,    AYEO   LB  0OM00UB8   DE    NOMBBEUX    GlIOLOOUES    FbANGAIS 

XT  £teangbb8.  Public  par  le  Dr.  Dagingoubt.  Tome  III. 
Paris,  1887.  8vo.  1"  partie.  Geologic,  pp.  xxvii.  and  777;  2* 
partie,  Pal^ntologie,  pp.  vii.  and  235. 

THIS  third  yolume  of  the  Annuaire  Geologiqae  TTniversel — a 
massiye  book  of  more  than  a  thousand  pages — has  attained 
a  derelopment  far  in  advance  of  its  two  predecessors.  It  contains 
a  well-arranged  Bibliography  of  the  works  published  on  the  several 
different  branches  of  geological  science,  and  a  comprehensive  review 
of  the  geological  and  palsdontological  discoveries  and  work  done  and 
in  progress  in  the  different  countries  of  the  globe  during  the  year 
1886.  This  sammary  cannot  fail  to  be  of  material  assistance  to  all 
students  of  the  science,  and  we  hope  it  will  have  the  wide  circula- 
tion which  it  deserves. 


Geolooioal  Sooiett  of  London. 

I. —Annual  Gbnbbal  Meeting,  February  17,  1888. — Prof.  J.  W. 
Jndd,  F.R.S.,  President,  in  the  Chair. 

The  Secretaries  read  the  Reports  of  the  Council  and  of  the  Library 
and  Museum  Committee  for  the  year  1887.  The  Council  stated  that 
they  had  again  to  congratulate  the  Fellows  upon  the  continued  pros- 
perity of  the  Society,  although  they  had  to  state,  with  regret,  that 
there  was  a  diminution  in  the  total  number  of  Fellows.  The  number 
elected  during  the  year  was  46,  and  the  total  accession  53  ;  but  the 
losses  by  death,  resignation,  etc.,  amounted  to  60,  causing  an  actual 
decrease  of  7  in  the  number  of  Fellows.  Nevertheless  from  the 
large  proportion  of  compounders  and  non-contributing  Fellows 
deceased,  the  actual  number  of  contributing  Fellows  was  in- 
creased by  7.  The  balance-sheet  showed  receipts  to  the  amount  of 
£2760  158.  9(2.,  and  an  expenditure  of  £2961  15^.  8</.,  being  an 
excess  of  expenditure  of  £200  198.  \\d,,  caused  by  the  expense 
incurred  in  the  necessary  repairs,  painting,  etc.,  of  the  house  occupied 
by  the  Society;  but  notwithstanding  this  and  the  addition  of  £250 
to  the  amount  of  the  Society's  funded  property,  the  accounts  showed 
a  balance  in  the  Society's  favour.  The  Council's  report  further 
announced  the  awards  of  the  various  Medals  and  of  the  proceeds  of 
the  Donation  Funds  in  the  gift  of  the  Society. 

In  presenting  the  VVollaston  Gold  Medal  to  Mr.  Henry  Benedict 
Medlicott,  M.A.,  F.R.S.,  the  President  addressed  him  as  follows : — 

Mr.  Medlicott, — The  CouDcil  of  this  Society  are  not  unmindful  of  the  fact  that 
many  of  our  Fellows  are  engaged  in  the  promotion  of  geological  science  in  every 
part  of  a  vast  empire ;  in  awarding  to  y<»u  the  highest  honour  which  is  at  their 
disposal,  they  are  following  a  precedent  which  was  established  more  than  fifty  years 
agu,  by  the  presentation  of  the  Wollaston  Medal  to  Cautiey  and  Falconer.  In  that 
great  Indian  dominion  where  those  famous  geologists  carried  on  their  im^rtant 
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researches,  yon  commenced  your  laboon  as  far  back  aa  the  year  1864  ;  and  for  more 
than  a  third  of  a  century  you  ha^e  continued  the  almost  incessant  exertions  which 
have  led  to  Terr  important*  additions  to  our  knowledge,  often  obtained  only  at  the 
price  of  serere  nanhmips  and  at  the  risk  of  serious  dangers.  Dnrinr  the  last  eleven 
years  you  have  occupied  the  important  and  responsible  position  of  Director  of  the 
Indian  Surrey  ;  and  it  is  to  your  administratiTe  ability  in  that  position  that  we  owe 
many  of  the  valuable  results  obtained  by  that  Survey  in  recent  years;  more  espeeially 
are  we  indebted  to  you,  and  to  our  Secretary,  Dr.  Blanford,  for  that  nseful  Compen- 
dium of  Indian  Geology  which  has  now  become  indispensable  to  all  students  of  our 
science.  We  feel  it  to  be  singularly  appropriate  that  we  are  able  to  make  this  award 
to  you  jiist  at  the  time  that  you  return  to  your  native  country  for  the  rest  yon  have 
so  well  earned. 

Mr.  Mbdlicott  replied : — Mr.  President, — The  award  of  the  Wollaston  Medal 
by  the  Geological  Society  is  the  most  gratifying  distinction  that  a  Geologist  can 
receive.  It  is  only  as  a  recognition  of  devotion  to  our  Science  that  I  can  venture  to 
accept  so  great  an  honour.  My  work  has  been  chiefly  in  combination  with  others, 
and  it  gives  me  much  consolation  to  think  that  my  colleagues  of  the  Geological 
Survey  of  India  will  share  in  this  reward  and  will  appreciate  it. 

In  handing  the  Balance  of  the  Proceeds  of  the  Wollaston  Donation 
Fund  to  Archibald  Geikie,  LL.D.,  F.II.S.,  for  transmission  to  Mr. 
John  Home,  F.G.S.,  the  President  addressed  him  as  follows : — 

Dr.  Geikie, — The  Council  of  the  Geological  Society  being  desirous  of  aiding  Mr. 
John  Home  in  carrying  on  his  important  investigations  in  the  Volcanic  and  Gladsl 
geology  of  the  northern  part  of  our  islands,  have  awarded  to  him  the  Wollsston 
Fund  for  the  present  year.  Seeing  that  in  their  researches  Messrs.  Peach  and  Home 
have  been  so  constantly  united,  it  was  felt  that  in  the  recognition  of  their  swrioes  to 
science  they  ought  not  to  be  divided ;  in  the  roll  of  honour  containing  the  names  of 
those  who  have  received  this  award  the  name  of  Mr.  Home  will  appropriately  follow 
that  of  his  friend.  In  transmitting  this  award  to  our  fellow- worker,  will  }rou  expcea 
the  hope  that  it  may  be  of  some  service  to  him  in  enabling  him  to  continue  those 
studies  which  have  already  done  so  much  towards  elucidating  the  stmctnre  of  the 
land  of  his  birth  ? 

Dr.  Geikie,  in  reply,  said  : — Mr.  President, — At  the  reonest  of  my  friend  and 
colleague,  Mr.  Home,  I  have  much  pleasure  in  receiving  tor  him  the  Wollaston 
Fund,  and  in  conveying  to  the  Society  his  cordial  thanks  for  this  mark  of  its 
appreciation.  If  anything  could  add  to  the  pleasure  with  which  he  receives  this 
vnze,  it  would  be  the  association  with  his  friend  and  companion  in  geological  labour, 
Mr.  Peach,  to  which  you  have  alluded.  A  member  of  the  Geological  Survey, 
placed  in  a  distant  and  inaccessible  region,  has  need  of  all  the  enthusiasm  of  his 
nature  when  he  has  to  combat  with  great  and  difficult  geological  problems  amid  the 
lesser  troubles  of  hard  fare,  poor  lodging,  and  the  absence  of  all  those  sympathies  of 
human  intercourse  which  so  help  us  in  our  pursuits.  To  such  a  far  off  and,  as  it 
were,  forsaken  brother  there  can  come  no  greater  encouragement  and  stimulant  than 
recognition  of  his  labours  from  those  who  stand  nearer  to  the  central  pulse  of  life  in 
the  country.  Mr.  Home  is  so  enthusiastic  in  the  discharge  of  his  oflicial  duties  and 
in  the  cause  of  science  as  sometimes  to  risk  his  health  by  prolonged  exposure  to  the 
inclemencies  of  the  boisterous  north.  In  this  award  he  feels  that  his  work,  remote 
though  its  area  may  be,  has  not  escaped  the  friendly  notice  of  the  Geological  Society 
of  London,  and  that  it  encourages  him  to  give  himself  as  heartily  in  the  future  as  in 
the  past  to  the  advancement  of  the  science  to  which  we  are  all  devoted. 

The  President  then  handed  the  Murchison  Medal   to  Archibald 

Geikie,  LL.D.,  F.G.S.,  for  transmission  to  Prof.  J.  S.  Newberry, 

M.D.,  F.M.G.S.,  and  said  :— 

Dr.  Geikie,— The  Council  of  this  Society  in  awarding  the  Murchison  Medal  to 
Dr.  Newberry,  desire  to  place  on  record  their  sense  of  the  very  high  value  of  his 

fcoloeical  researches  in  various  parts  of  the  United  States.  Dr.  Newberry's  studies 
ave  Deen  pursued,  during  the  last  thirty  years,  in  connexion  with  every  branch  of 
Geological  Science.  The  maps  and  memoirs  of  the  Geological  Survey  of  Ohio  afford 
the  highest  proofs  of  his  skill  as  a  stratigraphical  geologist ;  numerous  papers  dealing 
with  tiie  phenomena  of  the  Glacial  Formations  testify  to  the  attention  which  he  has 
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derated  to  that  important  sabject ;  while  seyeral  of  his  memoirs  treat  of  petrographical 
qoestioiiB.  In  PalsBontology  Dr.  Newberry  has  made  many  valuable  contributions  to 
our  knowledge,  especially  in  connexion  with  Fishes  and  Plants.  Nor  have  the  great 
problema  of  Geological  rhilosophy  been  neglected  by  our  esteemed  Foreign  Member, 
who  now  occupies  so  important  a  post  in  connexion  with  one  of  the  greatest  educa- 
tional institutions  of  his  native  country.  When  the  Director-General  of  our  owa 
Geological  Surrey  transmits  to  one  of  the  pioneers  of  American  Geology  a  medal 
fomideid  by  a  father  of  British  Geology,  the  action  may  be  fairly  held  to  typify  the 
universal  brotherhood  of  Science. 

Dr.  GsiKiB,  in  reply,  said:— Mr.  Pre8ident,~0n  the  part  of  Dr.  Newberry  I  am 
eommisnoned  to  receive  the  Murchison  Medal  which  has  been  awarded  to  him.  Were 
my  friend  here  himself,  he  would  express,  far  more  fittingly  than  I  can,  lus  ^tifica- 
tion  that  the  Geological  Society  of  London  has  conferred  this  honour  upon  him.  But 
there  is  one  advantage  perhaps  in  his  absence,  that  we  can  freely  speak  of  him  and 
his  work,  regarding  which  he  would  himself  wish  to  be  silent ;  and  it  is  of  him  and 
his  work  that  the  Fellows  doubtless  wish  to  hear. 

It  is  now  nearly  forty  years  since  he  began  his  scientific  career.  During  this  long 
interval  of  constant  and  enthusiastic  labour,  as  you  have  so  well  observed,  there  are 
few  departments  of  Geology  into  which  he  has  not  entered,  and  where  he  has  not  left 
the  impress  of  his  clear  insight,  his  sins^ular  mastery  of  detail,  and  his  faculty  of 
broad  and  luminous  generalization.  And  yet  this  record  of  fruitful  work  has  been 
achieved  in  the  midst  of  continual  demanos  on  his  time  and  thought  made  by  pro- 
fessional and  official  duties — demands  which  for  most  men  would  have  been  enough  to 
fill  np  a  busy  life.  To  geologists  on  this  side  of  the  Atlantic  who  know  him  only  by 
published  writings,  there  are  more  especially  three  lines  of  research  with  which  his 
name  is  associated.  It  was  he  who  in  the  expedition  under  Lieutenant  Ives,  eight- 
tnd-twenty  years  ago,  first  made  known  to  the  world  the  wonders  of  the  Colorado 
River  of  the  West,  who  recognized  in  that  re^oii  monuments  of  the  most  stupendous 
denudation,  and  who  by  his  clear  and  graphic  descriptions  inaugurated  a  new  era  in 
the  discussion  of  the  problem  of  land-sculpture.  His  researches  on  Fossil  Plants 
have  placed  him  in  the  very  front  rank  of  those  who  have  made  known  to  us  the 
characters  of  the  vegetation  of  former  periods  of  the  earth's  history.  As  a  fitting 
crown  to  these  researches  he  will  shortly  publish  a  lar^e  monograph,  with  two  hundred 
plates,  descriptive  of  the  fossil  floras  of  North  America.  And.  thirdly,  his  long  and 
minute  investigation  of  Fossil  Fishes  has  enabled  him  to  repeople  the  ancient  waters 
of  the  North  American  continent  with  the  abundant  and  often  extraordinary  types 
which  characterized  them.  Another  great  monograph,  with  sixty  plates,  on  this 
subject,  is  also  in  the  press. 

There  seems  to  me  something  peculiarly  appropriate  in  the  award  of  the  Murchison 
Hedal  to  such  a  man.  He  is  a  geologist  after  Murchison's  own  heart— keen  of  eye, 
stout  of  limb,  with  a  due  sense  of  the  value  of  detail,  but  with  a  breadth  of  vision 
that  keeps  detail  in  due  subordination. 

If  I  may  be  permitted,  I  would  fain  add  a  word  of  personal  gratification  that  it 
has  fallen  to  my  lot  to  be  intermediary  on  this  interesting  occasion  between  the  Geolo- 
gical Society  of  London  and  one  of  the  most  distinguished  men  of  science  in  the 
United  States.  The  geologists  of  North  America  are  drawn  to  us  by  stron;^r  ties 
and  closer  sympathy  than  most  of  us  are  perhaps  aware.  They  look  on  our  Society 
as  the  parent  of  their  own  kindred  associations.  Our  fathers  in  geology  are  also  theirs. 
They  wait  for  the  advent  of  our  Journal,  and  keep  themselves  far  more  fully  conver- 
snnt  with  what  is  done  within  these  walls  than  most  of  us,  1  am  afraid,  do  with 
their  work.  I  confess  that,  for  myself,  I  often  feel  ashamed  and  mortified  that  I  can 
do  so  little  to  keep  myself  abreast  of  the  rapid  and  astounding  progress  of  our 
science  on  the  other  side  of  the  ocean.  We  hardly  realize  and  recognize  as  fully  as 
we  should  the  nature  and  bearing  of  the  work  of  our  brethren  across  the  sea.  So  I 
hail  this  opportunity  of  holding  out  the  right  hand  of  fellowship,  for  I  am  certain 
that  the  geologists  of  the  United  States  will  feel  that  in  doing  honour  to  Dr.  New- 
berry  the  Geological  Society  of  London  wishes  at  the  same  time  to  express  its  appre- 
ciation of  American  geologists  and  its  best  wishes  for  the  advance  of  American 
geology. 

In  handing  the  Balance  of  the  Proceeds  of  the  Murchison  Geolo- 
gical Fund  to  Henry  Woodward,  LL.D.,  F.K.S.,  for  transmission  to 
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to  Mr.  Edward  Wilson,  F.O.S.,  the  President  addressed  him  as 

follows: — 

Dr.  Woodward, — The  Council  of  this  Society,  being  denrouf  of  marking  their 
tense  of  the  great  value  of  Mr.  Edward  Wilaon's  geol(^cal  investigationi,  have 
awarded  to  him  the  Balance  of  the  Murchison  Fund  for  the  present  year.  Both  at 
Nottingham  and  at  Bristol  Mr.  Wilson  has  shown  his  ability  as  a  careful  obaerrer  and 
trustworthy  exponent  of  the  stratigraphy  of  the  surroundine  country  ;  and  it  is  cor 
hope  that  this  award  may  afford  him  botn  encouragement  and  assistance  in  oontinaii^ 
those  important  researches  in  fields  of  study  where  he  has  already  laboured  with  such 
doTotion  and  success. 

Dr.  Woodward,  in  reply,  said : — Mr.  President, — Mr.  Edward  Wilson  is,  I  tm 
happy  to  say,  only  one  out  of  a  large  number  of  local  geologists  (many  of  whom  are 
Fellows  of  this  Society)  all  doing  good  work  and  all  raemnf  of  reoognition,  were 
it  possible  to  extend  to  many  more  the  same  expression  of  approoation  of  their  laboun. 
Such  assistance  affords  to  them  facilities  for  travel  or  for  tae  aoquiaition  of  books  for 
carrying  on  their  work. 

These  are  only  a  few  of  the  trivial  advantages ;  but  th  highwt  of  all  ya  Ae  sense 
of  recognition  which  this  Society's  Award  gives  to  such  soUtarr  workers,  who  ire 
often  without  any  local  support  or  encouragement  for  their  efforts.  Mr.  Edward 
Wilson^s  published  work  oates  back  to  1868,  and  is  represented  by  more  than  12 
papers,  dealing  mostly  with  the  Red  Marls,  Keuper  and  Bunter  Beds,  the  Rhsettc  and 
the  Lias,  one  of  his  latest  papers  being  on  the  Liassic  Gasteropoda  with  desciiptioiis 
and  6gures  of  14  species. 

Dr.  Woodward  further  read  the  following  communication  from  Mr.  Wilson:— 
"  Will  you  kindly  convey  to  the  President  and  Council  my  grateful  sense  of  the 
honour  which  they  have  conferred  upon  me  ?  At  the  same  time  would  you  please 
express  my  regret  at  not  being  able  to  oe  present  on  this  occasion  ? 

**  Notwithstanding  the  progress  which  has  been  made  in  our  knowledge  of  the 
late  Palaeozoic  and  early  Secondary  Rocks,  since  the  illustrious  Murchison  established 
his  Permian  system,  now  nearly  fifty  years  ago,  a  great  deal  remains  to  be  accom- 
plished in  this  special  department  of  British  geology.  In  several  districts  the  true 
ages  of  the  **  Red  Rocks*'— whether  Permian,  or  Trias,  or  Carboniferous,  or  even 
Old  Red  Sandstone— have  yet  to  be  determined.  Of  the  many  other  interesting 
matters  relating  to  these  rocks  which  require  further  elucidation,  one  of  the  most  im- 
portant perhaps  is  the  question  of  the  extension  of  the  older  rocks,  and  in  particular 
of  productive  Coal-measures,  beneath  the  newer  formations.  In  the  above  field  of 
Geology,  then,  there  is  scope  for  plenty  of  good  work  in  the  future,  and  it  is  in  tins 
field  that  my  highest  ambition  would  oe  to  contribute  some  useful  result.*' 

In  presenting  the  Lyell  Medal  to  Prof.  H.  Alleyne  NicholBon, 

M.D.,  F.G.S.,  the  President  addressed  him  as  follows: — 

Prof.  Nicholson, — The  Lyell  Medal  has  been  awarded  to  you  as  a  mark  of  appre- 
ciation of  your  valuable  researches  among  the  older  Palaeozoic  rocks,  both  in  the  Old 
and  New  World,  and  of  your  continued  and  patient  investigations  into  the  organixa- 
tion  of  some  of  the  obscurer  forms  of  life  which  abounded  at  the  period  of  the 
deposition  of  those  rocks.  Your  researches  among  the  Graptolitidae,  the  Stromato- 
porid(D,  the  Monticuliporidie,  and  the  Tabulate  Corals  have  given  you  a  high  place 
among  pahvontologists ;  white  the  difficulties  which  surround  such  studies  as  those 
you  have  undertaken  are  so  great  that  geologists  may  well  feel  admiration  for  the 
courage  and  perseverance  which  you  have  shown  in  steadily  devotin*?  yourself  to  the 
study  of  such  seemingly  unpromising  materials.  The  bccjuest  of  Lyell  could  certainly 
not  be  more  appropriately  bestowed  than  in  recognition  of  labours  like  your  own, 
which  have  been  especially  directed  to  a  comparison  of  the  fossil  faunas  of  Britain 
and  North  America. 

Prof.  Nicholson,  in  reply,  said : — Mr.  President, — It  would  not  be  easy  for  me 
to  adequately  express  my  grateful  sense  of  the  very  high  honour  which  nas  been 
conferred  upon  me  by  the  Council  and  Fellows  of  the  Society  in  awarding  to  me  the 
Lyell  Medal.  In  common  with  all  British  workers,  I  regard  the  Geological  Society 
of  London  as  the  supreme  head  and  source  of  honour  in  matters  connected  with 
Geology  and  Palajontology.  Under  any  circumstjinces,  therefore,  I  should  have 
im^J  valued  the  distinction  which  I  have  to-day  received,  the  more  so  that  it  is 
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UMciated  with  the  name  of  one  whote  memory  will  eyer  he  honoured  hy  stndents  of 
Geological  science.  To  a  yery  special  degree,  noweyer,  and  in  a  yery  special  sensc^ — 
a  sense  only  to  be  fully  comprehended  hy  thode  similarly  placed— is  tnere  a  gratifi- 
cation and  a  stimulus  in  such  an  award  to  a  worker  so  unfortunately  isolated  by  his 
geographical  position  as  it  is  my  lot  to  be,  and  with  such  limited  opportunities  of 
coming  in  contact  with  his  fellow-workers.  The  pleasure  I  haye  felt  has  been 
enhanced  by  the  friendly  words  of  encouragement  and  approbation  in  which  you, 
Mr.  President,  have  seen  fit  to  speak  of  my  post  work.  If  1  cannot  feel  that  I  have 
lufficiently  deserved,  by  anythmg  I  have  yet  been  able  to  accomplish,  the  hijrh 
honour  1  haye  to-day  received,  I  can  assure  the  Council  and  Fellows  that  I  shall  do 
what  in  me  liea  to  make  myself  more  fully  worthy  of  it  in  the  future. 

The  President  then  presented  one  moiety  of  the  Balance  of  the 
Proceeds  of  the  Lyell  Geological  Fund  to  Mr.  Arthar  Humphreys 
Foord,  F.G.S.,  and  addressed  him  in  the  following  terms : — 

Mr  Foord, — Your  skill  with  the  microscope  and  pencil  have  stood  you  in  good 
stead  in  investigating  and  illustrating  the  minute  structures  of  many  wonderful 
fossils  from  the  older  rock -masses  of  our  globe.  To  our  knowledge  of  some  of  these 
remarkable  organisms,  which  alike  from  tneir  aberrant  characters  and  from  the  very 
remote  period  at  which  they  lived,  must  ever  have  the  greatest  fascination  both  for 
Geologists  and  Biologists,  you  have  made  some  very  valuable  contributions  ;  and  the 
Council  of  this  Society  trust  that  an  Award  from  the  Lyell  Fund  will  serve  as  a 
stimulus  and  aid  to  you  in  carryins^  on  these  and  kindred  researches. 

Mr.  FooKD,  in  reply,  said :— Mr.  President, — I  beg  to  return  my  warmest  thanks 
to  the  Council  of  the  Geological  Society  for  this  most  acceptable  and  quite  unlooked- 
for  mark  of  their  approval  of  the  sliglit  services  I  may  have  rendered  to  Geological 
Science.  While  the  gift  itself  will  b&oxA  me  material  aid  in  the  further  prosecution 
of  my  paliC(mtologicu  studies,  the  thought  that  1  have  been  deemed  worthy  of  such 
a  great  distinction  will  add  a  new  impulse  to  those  labours. 

The  President  next  presented  the  second  moiety  of  the  Balance  of 

the  Proceeds  of  the  Lyell  Geological  Fund  to  Mr.  Thomas  Roberts, 

F.G.S.,  and  addressed  him  as  follows : — 

Mr.  Roberts, — Among  the  most  valuable  methods  for  solving  the  c;reat  problems 
of  Btratigraphical  ge«)l<>gy  is  the  one  which  has  been  chosen  by  yourself,  namely,  the 
direct  comparison  of  a  series  of  beds  and  of  their  characteristic  fossiU  in  one  typical 
district  with  those  of  another  and  now  isolated  area.  The  Council  of  the  Geological 
Society,  hoping  to  encourage  you  in  work  of  this  kind,  so  well  begun,  have  awsurded 
you  a  portion  of  the  Fund  l>equeathed  to  us  by  one  who  was  among  the  first  to 
recognize  the  value,  and  to  pursue  with  success  that  method  of  research  in  which 
you  are  now  enga^'d. 

Mr.  R0HERT8,  in  reply,  said: — Mr.  President  and  Gentlemen,~I  beg  to  express 
my  grateful  acknowleagment  of  the  honour  the  Council  of  the  Geological  Society 
have  conferred  upon  mo  by  the  award  of  the  moiety  of  the  Lyell  Fund.  It  is 
especially  gratifying  to  me  to  find  that  the  small  contributions  which  I  have  hitherto 
been  able  to  make  to  the  Society  have  been  thought  worthy  of  recognition.  In 
making  the  award  the  Council  seem  also  to  have  taken  into  account  the  work  involved 
in  teaching  others,  and  thus  preparing  mynelf  for  that  accurate  observation  which  is 
the  first  essential  in  ral<rontological  research. 

It  will  stimulate  mc  to  further  exertions  ;  for  there  is  still  much  to  be  done  in  the 
correlation  of  our  Jurassic  rocks  as  well  as  in  other  branches  suggested  to  me  by  the 
rich  collection  in  the  Wondwnrdian  Museum. 

1  hop<;,  from  time  to  time,  to  olier  to  the  Society  further  contributions,  and  I  shall 
be  prtiud  and  pleased  to  co-opersite  with  other  workers  in  tiie  8ame  Held,  and  to  assist 
th«^m  in  availing  themselves  of  the  magniticent  collection  in  the  Museum  with  which 
I  am  ofli<;ially  connected. 

The  President  then  read  his  Anniversary  Arhlress,  in  which,  after 

giving  obit  nary  noticesof  Mr.  (^hainpernowne,  the  Kev.W.  S.  Synioiids, 

Sir  Julius  von  Ilaast,  Mr.  Kol)ert  Ik»ll,  and  other  deceased  Fellows, 

togetlier  with  notices  of  the  Foreign  Mendiers  and  Correspondents 

of  the  Society  who  died  during  1887 — Studer,  de  Konmck^Ii'&^w.vy^^x^, 
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Hayden  and  Count  Maroohall, — he  proceeded  to  congratulate  the 

Society  apon  its  flourishing  condition,  alike  as  r^ards  its  uumhers, 

its  finances,  and  the  work  which  it  has  accomplished  daring  the  past 

year.     The  remainder  of  the  Address  was  devoted  to  a  discussion  of 

the  relations  which  exist  between  Geology  and  the  Biological  sciences. 

He  insisted  on  the  maintenance  of  Palsdontology  as  a  distinct  branch 

of  science,  having  equal  claims  upon  the  attention  of  G^eologists  and 

Biologists,  and  he  instanced  the  life  and  work  of  Charles  Darwin,  as 

exemplifying  the  value  and  importance  of  a  combination  of  G^logical 

and  Biological  research. 

The  Ballot  for  the  Council  and  Officers  was  taken,  and  the  following  wen  duly 
elected  for  the  ensuing  ye&r :— President:  W.  T.  Blanford,  I1L.D.,  F.tt.S.  Vie*- 
PresicUnts:  John  Evans,  D.C.L.,  LL.D.,  F.R.S.  ;  Prof.  T.  M'Kennj  Hughes, 
M.A.  ;  Prof.  J.  Prestwich,  M.A.,  F.R.S. ;  Henry  Woodward,  LL.D.,  F.K.S. 
Secretariet:  W.  H.  Hudleston,  Esq.,  M.A.,  F.R.S.;  J.  £.  Marr,  Esq.,  M.A. 
Foreign  Seereiary  :  Sir  Warington  W.  Smyth,  M.A.,  F.R.S.  Treatureri  Ptof.  T. 
Wiltshire,  M.A.,  F.L.S.  Council  \  W.  T.  Blanford,  LL.D.,  F.R.S. ;  John  Evans, 
D.C.L.,  LL.D.,  F.R.S.;  L.  Fletcher,  Esq.,  M.A. ;  A.  Geikie,  LL.D.,  F.R.8.; 
Henry  Hicks,  M.D.,  F.R.S.;  Rev.  Edwin  Hill,  M.A. ;  W.  H.  Hudleston,  Esq., 
M.A.,  F.K.S. ;  J.  W.  Hulke,  Esq.,  F.R.S.;  Prof.  T.  M* Kenny  Hughes,  M.A.; 
Prof.  T.  Rupert  Jones,  F.R.S. ;  Prof.  J.  W.  Judd,  F.R.8. ;  R.  Lydekker,  F^., 
B.A. ;  Lieut.-Col.  C.  A.  McMahon  ;  J.  E.  Marr,  Esq.,  M.A. ;  E.  T.  Newton,  Esq. ; 
Prof.  J.  Prestwich,  M.A.,  F.R.S. ;  Prof.  H.  G.  Seeley,  F.R  S. ;  Sir  Warington  W. 
Hmyth,  M.A.,  F.R.S. ;  W.  Topley,  Eso^  Rev.  G.  F.  Whidhome,  M.A. ;  Prof.  T. 
Wiltshire,  M.A.,  F.L.S. ;  Rev.  H.  H.  Winwood,  M.A. ;  Henry  Woodward,  LL,D., 
F.R.S. 


n.— Feb.  29,  1888.— W.  T.  Blanford,  LL.D.,  F.Ra,  President, 
in  the  Chair. — The  following  communications  were  read : — 

1.  "An  Estimate  of  Post-Glacial  Time."  By  T.  Mellard  Beade, 
E«q.,  C.E.,  F.G.S. 

The  author  showed  that  there  exists  on  the  coasts  of  Lancashire 
and  Cheshire  an  important  series  of  Post-Glacial  deposits  which  he 
has  studied  for  many  years.  The  whole  country  to  which  his  notes 
refer  was  formerly  covered  with  a  mantle  of  low-level  marine 
Houlder-clay  and  Sands,  and  the  valleys  of  the  Dee,  Mersey,  and 
Ribble  were  at  one  time  filled  with  these  glacial  deposits. 

These  glacial  beds  have  been  much  denuded,  especially  in  the 
valleys,  where  the  rivers  have  cleared  them  out,  in  some  cases,  to  the 
bed  rock.  Most  of  this  denudation  occurred  during  a  period  of 
elevation  succeeding  the  deposition  of  the  Low-level  Boulder-clay. 
On  this  eroded  surface  and  in  the  eroded  channels  lie  a  series  uf 
Post-Glacial  beds  of  a  most  interesting  and  extensive  nature.  They 
consist  of  estuarine  silt  and  Scrobicularia-c\a.y  covered  by  extensive 
peat-deposits,  containing  the  stools  of  trees  rooted  into  them.  Upon 
these  lie,  in  some  places,  recent  tidal  silts,  and  on  the  coast  margin 
blown  sand  and  sand  dunes.  The  series  of  events  represented  by  the 
denudation  of  the  Low-level  Boulder-clay  and  the  laying  down  of 
these  deposits  is  as  follows : — 1st,  elevation  succeeding  the  glacial 
period,  during  which  time  the  Boulder-clay  was  deeply  denuded  in 
the  valleys.  2nd,  subsidence  to  about  the  25-feet  contour,  when  the 
estuarine  silts  and  clays  were  laid  down.  3rd,  re-elevation  repre- 
seating  moat  probably  a  continental  connexion  with   the  British 
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Tsleti,  daring  which  time  the  climate  was  milder  than  at  present,  and 
hig  trees  flourished  where  now  they  will  not  grow.  4:th,  subsidence 
to  the  present  level,  the  submersion  of  the  peat  and  forest-beds,  the 
laying  down  of  tidal  silt  upon  them,  and  the  accumulation  of  blown 
sand  along  the  sea-margin  extending  to  a  oonsiderable  distance  in 
an  inland  direction. 

It  was  estimated,  from  a  variety  of  considerations,  that  these 
eventB,  all  posterior  to  the  Qlacial  period,  represent  a  lapse  of  time 
of  not  less  than  57,500  years  allotted  as  follows :— 40,000  years  fur 
the  elevation  succeeding  the  Glacial  period  measured  by  the  denu- 
dation of  the  Boulder-clay  in  the  valleys,  15.000  years  for  the 
accumulation  of  the  estuanne  silts,  clays,  peat,  and  forest  beds,  and 
2500  years  for  the  blown  sand. 

2.  "Note  on  the  Movement  of  Scree-Material."  By  Charles 
Davison,  Esq.,  M.A.  Communicated  by  Prof.  T.  G.  Bonney,  D.Sc., 
LL.D.,  F.R.8.,  F.G.S. 

The  author  noticed  the  frequent  high  angle  of  slope  of  screes, 
and  called  attention  to  Canon  Moseley's  observations  on  the  down- 
ward creep  of  lead  on  the  roof  of  Bristol  Cathedral,  and  his  sub- 
sequent experiment,  and  stated  his  belief  that  stones  free  to  move  on 
the  surface  of  a  scree  must  be  affected  in  the  same  manner.  This 
he  proved  by  experiments,  the  result  of  which  he  described. 

These  experiments  showed  that  stones  do  move  downwards,  owing 
to  alternate  contraction  and  expansion,  the  movements  accompanying 
or  occurring  a  short  time  after  the  change  of  temperature,  that  the 
descent  is  greatest  on  days  of  bright  sunshine  interrupted  frequently 
by  passing  clouds,  and  that  rain  slightly  increases  the  rate  of  descent. 

A  description  was  given  of  a  scree  on  Hindscarth,  Cumberland, 
in  which  the  stones  lie  with  their  longer  axes  pointing  down  the 
slope ;  and  it  was  pointed  out  that  the  movement  of  the  stones  in 
the  way  described  would  cause  the  surface-stones  to  fall  off  those 
on  which  they  rested,  and  that  others  would  be  dislodged  during 
their  descent  A  numerical  estimate  was  then  made  of  the  total 
amount  of  movement  produced  on  a  scree  of  a  certain  size  by  ex- 
pansion and  contraction  of  the  surface-stones,  and  after  alluding  to 
the  relative  efficiency  of  this  and  other  agents  upon  various  screes, 
the  author  concluded  by  pointing  out  that  in  the  case  of  the  moon 
this  might  be  almost  the  only  agent  at  work. 

3.  **  On  some  Additional  Occurrences  of  Tacbylyte."  By  Grenville 
A.  J.  Cole,  Esq.,  F.G.S. 

An  intrusive  sheet,  some  eight  feet  thick,  among  the  basalts  of 
Ardtun  Head  in  Mull,  has  selvages  of  tachylyte.  The  specific 
gravity  of  the  glass  is  2*83,  and  in  other  respects  it  resembles  the 
examples  already  described  from  the  west  of  Scotland.  But  in  thia 
section,  numerous  fairiy  translucent  spherulites  are  seen,  which 
accumulate  towards  the  inner  part  of  the  selvage  until  the  glassy 
material  between  them  disappears,  and  they  become  polygonal  by 
contact.  The  rays  of  these  spherulites  are  often  alternately  grouped 
in  brown  or  greyer  bundles,  both  series  exhibiting  striking  pleo- 
chroism ;  but  the  brown  i5bres  appear  darkest  wlieii  l\i«\t  \<aTi^«t 


1 82  ReporU  and  Proceedings — 

axee  are  parallel  to  the  shorter  diagonal  of  the  NiooUb  prism,  while 
the  greyish  and  less  fibrous  areas  are  darkest  in  the  reverse  position. 
The  author  believes  that  two  distinct  minerals  are  present,  as  in 
the  spherulites  of  the  ordinary  granophyrio  strnoture ;  the  browner 
rays  may  be  pyroxenic,  but  the  crystalline  snbstanoes  produced 
under  these  conditions  of  hurried  consolidation  may  be  far  diflferent 
from  those  developed  in  the  more  central  portions  of  the  mass. 
Spherulites  with  pleochroic  rays  are  the  normal  type  in  basic  glasses, 
and  some  occur  even  in  some  acid  examples. 

An  analysis  of  the  Ardtun  spherulitio  tachylyte  shows  it  to 
resemble  that  of  Beal  in  Skye,  having  53  per  cent  of  silica  and 
nearly  6  per  cent,  of  alkalies. 

An  occurrence  of  tachylyte  at  Eilmelfort,  Argyll,  was  noted,  and 
a  description  given  of  an  example  of  great  beauty  from  the  Quiraing 
in  Skye.  The  latter  rock  shows,  in  section,  a  light-brown  trans- 
lucent glass,  with  abundant  cumulites  and  small  brown  spherulites 
with  radial  structures. 

Near  Bryansford,  County  Down,  in  Ireland,  a  basalt  dyke  occurs, 
the  selvage  of  which  must  must  have  originally  resembled  tachylyte 
of  the  Quiraing.  The  alteration  that  this  glass  has  undergone  guides 
one  in  tiie  search  for  tachylytes  (palagonite  and  so  forth)  among  the 
Palssozoic  rocks  of  the  British  Isles,  and  an  instance  was  described 
from  Snead,  near  Bishop's  Castle,  where  fragments  of  basic  glass 
are  imbedded  in  a  tuff  of  Ordovician  age. 

In  conclusion,  the  well-known  variolite  of  the  Durance  was  cited 
as  a  rock  of  basic  character,  comparable,  in  its  perlitic  and  spheru- 
litio structures,  with  the  acid  '*  pyromerides,"  both  types  having 
alike  suffered  from  secondary  devitrification. 

4.  "  Appendix  to  Mr.  A.  T.  Metcalfe's  paper  *  On  Further  Dis- 
coveries of  Vertebrate  Kemains  in  the  Triassic  Strata  of  the  South 
Coast  of  Devonshire,  between  Budleigh  Salterton  and  Sidmouth.'  " 
By  H.  J.  Carter,  Esq.,  F.R.S.  Communicated  by  A.  T.  Metcalfe, 
Esq.,  F.G.S. 

A  microscopic  examination  of  certain  calcareous  pellet-like  bodies, 
containing  plates  possessing  a  bony  structure,  and  referred  to  in 
Mr.  Metcalfe's  paper  in  the  Society's  Journal  for  May,  1884,  revealed 
the  fact  that  the  plates  resembled  the  scales  of  the  Bony  Pike,  and 
also  the  scales  contained  in  certain  Liassic  coprolites  which  were 
identical  in  appearance  with  the  Triassic  pellets.  The  author  con- 
cluded that  the  latter  were  the  coprolites  of  Triassic  amphibians  which 
fed  upon  the  same  kind  of  Ganoid  fishes  as  did  the  Ichthyosaurs 
of  the  Lias. 

The  author  had  also  examined  microscopically  the  so-called 
"spine,"  No.  1,  %g»  2,  and  the  jawbone,  No.  2,  of  Mr.  Metcalfe's 
paper,  and  observed  that  there  appeared  to  be  no  difference  between 
the  structure  of  the  latter  and  that  of  reptilian  bones,  whilst  its 
structure  is  different  from  that  of  the  Lepidostean  scale ;  with  regard 
to  the  former,  he  stated  that  it  was  totally  different  from  the  spines 
of  two  species  of  Hyhodus  examined,  and  considered  that  there  were 
no  grounds  tor  considering  it  a  spine. 
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ni.— March  14, 1888.— W.  T.  Blanford,  LL.D.,  F.R.8.,  President, 
in  the  Chair. 


The  President  announced  that  it  is  proposed  to  build,  in  memory 
of  the  late  Mr.  Champemowne,  a  moderate-sized  cottage  hospital 
in  Totnes.  Mr.  Champemowne  was  greatly  interested  in  a  tem- 
porary hospital,  erected  in  1885,  and  was  anxious  that  a  permanent 
institution  should  be  established  for  the  same  purpose.  The  cost  is 
estimated  at  about  £900  or  £1000,  of  which  between  £500  and  £600 
have  been  subscribed  in  sums  varying  from  a  few  shillings  upwards. 
Fellows  of  the  Society  wishing  to  contribute  to  this  memorial  should 
send  at  once  to  Dr.  Currie,  Bridgetown,  Totnes,  Devonshire,  or  to 
Archibald  Geikie,  Esq.,  F.R.S.,  28,  Jermyn  Street,  S.W. 


The  following  communications  were  read  : — 

1.  <*  On  the  Gneissic  Rocks  off  the  Lizard."  By  Howard  Fox,  Esq., 
r.G.S.,  with  Notes  on  Specimens  by  J.  J.  H.  Teall,  Esq.,  F.G.S. 

The  rocks  may  be  classed  under  three  heads : — (i.)  the  coarse 
gneisses  of  M§n  Hyr  type,  (ii.)  the  light-banded  granulitic  gneisses  or 
Wiltshire  type,  and  (iii.)  the  transition  micaceous  rocks  of  *'  Labham 
Beefs,"  type  intermediate  between  (ii.)  and  the  mainland  schists. 

The  first  are  seen  in  Mulvin,  Taylor's  Bock,  Man-of-war  Bocks, 
the  Stags,  Men  Par,  Dlidgas,  MSn  Hyr,  and  Yasiler ;  the  second  in 
Sanspareil,  the  Quadrant,  and  adjoining  reefs,  Labham  Bocks,  etc. ; 
and  the  third  in  the  Labham  Beefs. 

The  inclination  of  the  divisional  planes  appeared  conformable 
with  that  of  the  rocks  of  the  mainland. 

The  genisses  and  granulites  of  several  of  the  islands  are  traversed 
by  numerous  dykes  of  porphyritic  basic  rock,  seen  in  Taylor's  Bock, 
Man-of-war  Bocks,  Sanspareil,  Quadrant  Bock  and  Shoals,  and  Clidgas. 
These  dykes  have  been  disturbed  by  movements  subsequent  to  their 
intrusion.  They  sometimes  strike  across  the  foliation-planes  of  the 
gneiss  and  send  veins  into  the  latter  rock  ;  at  other  times  the  strike 
is  parallel  to  that  of  the  foliation-planes;  the  two  modes  of  occurrence 
are  occasionally  observable  in  different  portions  of  the  course  of  the 
snme  dyke,  e.g.  in  one  traversing  that  part  of  the  Man-of-war  group 
known  as  the  Spire.  This  dyke  is  also  noticeable  from  the  fact  that 
it  appears  to  be  traversed  by  veins  of  gneiss. 

The  dykes  vary  in  width  from  18  inches  to  several  feet. 

In  his  notes  on  the  specimens  Mr.  Teall  says  that  the  rocks  may 
be  arranged  in  four  groups  : — 

1.  Principally  occurring  in  the  outer  islands,  are  of  the  Men  Hyr 
type,  consisting  of  felspar,  quartz,  dark  mica,  and  hornblende ;  the 
quartz  and  felspar  sometimes  exhibit  relations  characteristic  of 
igneous  rocks,  at  other  times  they  form  a  fine-grained  granulitic 
aggregate,  the  latter  being  probably  the  result  of  dynamic  meta- 
morphism.  This  granulation  is  carried  to  a  greater  extent  in 
some  of  the  islands,  as  in  Taylor's  Bock.  The  rocks  possess  the 
niineralogical  composition  of  quartz  diorite,  and  may  be  termed 
tonalite-gneisses ;  they  may  originally  have  been  eiu^lv'^^  \.OTi»\\\.^^. 
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2.  Ooonrrint;  chiefly  in  the  inner  iHlsnda,  are  of  the  natare  of 
graniilitio  giieifseH  and  granulites,  confiniDg  the  latter  terra  to  rocke 
in  which  the  quartz  and  felspar  are  present  wholly  in  the  form  of  a 
micro- crystal  line  mosaic  of  fairly  uniform  grain.  In  some  of  these 
foliation  is  not  well  marked.     Such  rocka  occur  in  "  Wiltehire,"  etc. 

3.  Rocks  showing  a  passage  from  the  granulitio  rocks  to  the 
mica-schists  of  the  mainland,  as  the  brown  schistose  rocks  of  Labham 
BeefE>.  The  Enoch  rock,  a  coarse  qaartzless  hornblende  schist,  also 
has  affinities  with  the  mainland  schists. 

4.  Dykes  traversing  the  gneisses,  consisting  of  porphyritio  felspars 
lying  in  a  ground-mass  of  hornblende  and  grannlitio  felspar,  llie 
hornblende  is  probabiy  secondary  after  augite,  and  the  rocks  epi- 
diorites.  These  dykes  have  been  affected  by  deformation,  and 
sometimes  pass  into  actinolite  schists  near  the  junction  with  the 
gneiasose  rocks. 

In  conclusion,  the  period  of  dynamic  metamorpbism,  of  which  the 
most  striking  results  are  seen  in  the  schists  of  the  soutb-westem 
portion  of  the  Lizard  peninsula,  was  posterior  to  the  formation  of 
the  basic  dykes.  There  is  no  evidence  of  igneous  action  in  this 
district  since  the  period  of  metainorphism. 

2.  '■  The  Monian  System."   By  the  Rev.  J.  F.  Blake,  M.A.,  F.G.8. 

The  object  of  the  author  was  to  show  that  tfae  whole  of  the  rocks 
which,  under  various  names,  had  been  described  as  Pre-Cambrian  in 
Anglesey,  constitute  a  single  well -characterized  system,  of  which  the 
various  divisions  hitherto  described  are  integral  and  inseparable  parts. 

The  evidence  of  these  rocks  being  Pre-Cambrian  was  first  discussed, 
and  it  was  shown  that  the  greater  part  of  it  went  no  further  than 
to  prove  them  Pre-Ordovician,  the  basal  conglomerates  being  asso- 
ciated with  rocks  of  Arenig  age,  though  from  the  occurrence  of  these 
conglomerates  on  Holyhead  Island  it  was  inferred  that  the  previous 
denudation  had  been  great.  The  rocks  of  the  eastern  district,  how- 
ever, are  proved  to  be  Pre-Cambrian  from  the  basal  Cambrian  rocks 
of  Bangor  type  lying  on  them  unconformably  near  Beaumaris  and 
near  Redwharf  Bay.  The  rocks  described  are  found  in  six  distinct 
districts  in  Anglesey. 

1.  Tlie  Wegtem  District. — The  lowest  rocks  are  the  great  quarfzites 
of  Holyhead,  which  pass  at  Porth-yr-ogof  and  inland  into  chloritio 
schists,  which  are  foliated  in  planes  of  lamination,  and  thus  is 
produced  a  tough  rock  which  will  not  cleave  or  break,  but  bends 
into  minute  contortions.  Towards  the  east  this  becomes  finer  in 
grain,  and  may  he  distinguished  as  chloritoid  schist.  On  the  side  of 
the  Straits  near  the  valley  it  may  be  seen  passing  into  purple  slate. 
Further  north  the  rocks  are  confused,  especially  at  Porth-y-defdid, 
hut  there  is  no  well-defined  fault.  The  materird  becomes  irregular 
and  forms  rocks  described  as  "  marbled  slate,"  "  lenticular  periites," 
and  soft  tufls.  Amongst  such  are  found  two  special  features,  viz. 
masses  of  qiiariz  in  the  form  of  knobs,  and  lenticular  patches  of 
limestone,  lliese  it  is  suggested  were  produced  by  the  agency  of 
s/>rings  rising  through  and  into  the  ashy  rocks.  They  are  eitpecially 
characteriatio  of  this  part  of  the  series.     The  granite  of  Pen-brjn- 


Oeological  Society  of  London.  19& 

jnr-Eglwye  is  intrusive,  and  its  jnnction  may  be  seen  in  several 
places,  the  surrounding  rocks  developing  mica.  It  is  here  therefore 
•the  youngest  rook. 

On  the  south-west  side  of  a  fault  in  Holyhead  Island  and  the 
neighbouring  mainland  occurs  a  distinct  group  of  rocks,  continuous 
upwards  from  the  ohloritoid  schists,  and  equivalent  to  the  volcanic 
faciee  of  the  north.  These  are  called  the  South  Stack  series.  They 
are  characteristically  bedded,  thrown  into  large  folds,  sporadically 
cleaved,  and  possess  cleavage-foliation.  They  contain  great  beds  of 
quartzite,  and  others  of  light  dusty  material.  When  not  cleaved, 
they  are  almost  entirely  unaltered. 

The  spot  near  Tywyn,  supposed  to  show  fragments  of  granite 
contained  in  a  rock  of  the  upper  series,  and  hence  the  conformity  of 
the  two,  shows  only  an  intrusive  diabase  which  has  caught  up 
granitic  fragments. 

2.  The  Central  Diatrtct  —This  is  divided  into  two  parts  by  a  fault 
That  on  the  east  consists  of  grey  gneiss,  considered  to  be  the  lowest 
lock  of  the  whole  series,  with  the  quartzite  at  Bodofon  as  an  episode, 
followed  after  a  fault  by  ohloritoid  schists,  so  intimately  connected 
with  the  overlying  volcanic  facies  as  to  be  inseparable.  The 
principal  features  of  the  latter  are  the  agglomerates  of  Llangefni, 
the  quartz  knobs,  and  the  more  or  less  bedded  sporadic  limestones. 
The  portion  on  the  west  consists  of  ashes  and  fine  halleflintns, 
together  with  gneissose  rocks  of  no  great  similarity  to  the  grey 
gneiss.  These  have  been  so  interfered  with  by  intrusive  rocks  that 
it  is  difficult  to  ascertain  their  true  original  character.  These 
intrusions  consist  of  (1)  Diorite,  often  foliated,  with  the  folia  con- 
torted, and  affording  by  its  breociation  some  portion  of  the  sur- 
rounding rocks.  (2)  Granite,  seen  everywhere  to  be  either  intrusive, 
as  at  Porth-y-dee,  Ceryg-defaid,  Craig-y-allor,  and  Maen-wyn,  or 
absorptive,  as  near  Llyn-faelog.  This  granite  is  of  various  kinds, 
often  passing  into  a  felsite. 

3.  The  District  west  of  Traeth  Dulaa  shows  granite  intrusive  into 
grey  gneiss,  and  also  passing  into  a  felsite  ;  it  is  correlated  with  the 
western  half  of  the  central  district,  of  which  it  appears  to  be  a  con- 
tinuation. 

4.  The  Eastern  District — The  lowest  portion  here  is  the  grey 
gneiss,  which  is  very  compact  towards  the  west,  especially  near  the 
igneoas  rocks,  but  becomes  more  micaceous  and  chloritic  towards 
the  east,  passing  through  ohloritoid  rocks  into  others  of  the  volcanic 
facies,  with  the  usual  quartz  knobs  and  sporadic  limestones,  but 
here,  on  the  whole,  more  slaty.  The  complete  unity  of  the  whole 
system  is  here  well  seen.  The  most  remarkable  feature  is  the 
intrusive  foliated  diorites,  which  are  coarse  and  non-foliated  near 
Holland  Arms,  but  became  finer  towards  the  east,  where  also 
glauoophane  takes  the  place  of  hornblende.  They  are  seen  intruding 
into  and  contorting  the  grey  gneiss  in  the  Llangaffo  cutting. 

At  the  southern  end  at  Careg-gwladys  is  a  remarkable  volcanic 
group,  with  a  spherulitic  diabase  breaking  into  and  surrounding  the 
haked  blocks  of  calcareous  slate.    There  are  associated  g;cQQkl  xqa£;&^<«^ 
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of  mixed  agglomerate,  and   terminated  masses  of  limestone  and 
quartzite  filled  with  breociated  fragments. 

5.  The  Northern  District — This  oommenoes  in  the  soath  with  the 
chloritio  sohists,  but  soon  beoomes  slaty,  and  such  rocks  with  grits 
occupy  the  greater  part  of  the  area.  But  towards  the  north  we 
reach  the  volcanic  facies,  characterissed  as  usual  by  ashes,  ag- 
glomerates, quartz  knobs,  in  one  place  near  Bull  Bay,  seen  to  cross 
the  bedding,  and  sporadic  limestones  at  Llanbadrig,  showing  oolite 
within  oolite,  and  suggesting  its  origin  by  a  petrifying  spring. 
Above  the  quartz  is  found  a  great  conglomerate,  apparently  derived 
from  it,  and  immediately  above  this  conglomerate  ocoar  the  fossils 
discovered  by  Prof.  Hughes,  and  no  line  of  separation  can  be  dis- 
covered between  them  and  the  rest  of  the  rooks  in  the  district 
These  fossils  have  been  referred  to  Bala  species,  and  there  are 
three  alternatives  to  choose:  either  (1)  they  are  not  Bala  fossils, 
but  are  characteristic  of  the  Pre-Oambrian  rocks ;  or  (2)  they  are 
Bala  fossils,  and  the  dividing  line  has  as  yet  been  missed  ;  or  (3) 
there  is  no  dividing  line,  and  the  whole  series  is  of  Bala  age. 
Against  the  latter  is  their  similarity  to  the  rocks  of  the  eastern 
district  definitely  overlain  by  Cambrian ;  and  against  both  the  two 
latter  is  the  fact  that  the  series  is  unconformably  overlain  in  the 
neighbourhood  by  other  conglomerates  succeeded  by  black  shales  in 
which  Llandeilo  Graptolites  have  been  recorded. 

6.  The  District  north-east  of  Parys  mountain  is  a  volcanic  complex, 
in  which  granite  and  felsitic  rooks  with  others  of  a  more  basio 
character  are  inextricably  mixed  with  the  debris  of  the  same 
materials,  and  both  are  altered  so  as  to  be,  in  most  places,  in- 
separable.    This  is  connected  on  the  N.W.  side  with  grey  gneiss. 

In  the  lAeyn  the  rooks  belong  to  the  volcanic  facies,  in  which 
great  masses  of  quartz-felsite,  foliated  at  the  edges,  are  intruded. 
Here  also  are  found  the  quartz  knobs  and  sporadic  limestones  as 
well  as  diabase-flows.  At  Mynydd  ystum  is  found  an  isolated  patch 
of  grey  gneiss. 

The  area  between  Bangor  and  Caernarvon  has  lately  been  shown 
to  contain  some  felsite-fiows,  and  also  granites,  apparently  intrusive 
into  ashes,  which  may  belong  to  the  volcanic  facies. 

At  Howth,  near  Dublin,  the  rocks  have  all  the  characters  of  the 
South-Stack  series,  to  which  they  may  be  correlated ;  and  these  are 
followed  upwards  by  the  well-known  Bray-Head  rocks,  which  differ 
from  them  in  character,  but  whose  fossils  are  not  of  Cambrian  species. 

The  succession  thus  shown  in  the  various  districts  consists  of  the 
following  in  ascending  order.  The  grey  gneiss,  becoming  more 
quartzose,  micaceous,  or  chloritio  in  parts,  and  so  representing  the 
quartzite  and  the  chloritio  schists  of  other  districts ;  changing  through 
ohloritoid  schists  into  two  facies,  viz.  (1)  the  slaty,  represented  best 
in  the  northern  district,  and  also  as  the  South -Stack  series ;  and  (2) 
the  Yoloanio  facies.  No  further  deposits  are  recognized  in  the  areas 
~  ibm  Toloanic  facies,  but  in  the  slaty  area  of  Howth  the  Bray-Head 
ioooeed. 
^tb9  ifiioJe  system  of  rooks  the  name  of  Monian  is  applied,  as 
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derived  from  Mona,  or  the  Isle  of  Anglesey,  and  the  several  parts 
are  distingoished  as  the  Holyhead  group,  or  Lower  Monian,  the 
&i,  David^e  group  and  the  equivalent  of  the  South-Stack  Series,  or 
Middle  Monian,  and  the  Bray-ffead  group,  or  Upper  Monian. 

The  "  Pebidian  "  represents  the  St  David's  group,  and  but  for  its 
tennination,  whioh  indicates  a  system,  might  be  used  as  an  alterna- 
tive, l^e  '' Dimetian  and  Arvonian"  are  intrusive  granites,  or 
felsitio  flows  associated  with  the  same  group. 

The  Monian  system,  though  much  metamorphosed  in  its  lowest 
parts,  is  not  considered  Archaean,  but  as  a  lower  sedimentary  system 
than  the  Cambrian,  and  hence  the  lowest  system  of  our  ordinary 
stratified  rooks. 


THE  CAUSES  OF  THE  GLACIAL  AND  MILD  PERIODS. 

Sib, — ^There  is  a  theory  on  the  above  subject  (due  to  M.  Poisson, 
I  believe)  which  seems  to  me  worthy  of  more  attention  than  it  has 
recently  received  from  geologists,  viz.  that  the  earth  with  the 
entire  solar  system  has  travelled  through  hotter  and  colder  regions 
of  space  at  different  periods.  Hotter  and  colder  regions  of  course 
mean  regions  in  whioh  it  received  more  or  less  heat  from  the  stars. 

Now  that  the  solar  system  is  moving  with  considerable  velocity 
through  space  may  be  regarded  as  an  established  fact,  and  though 
it  may  not  have  materially  changed  its  position  among  the  stars 
in  historical  time,  it  is  otherwise  with  regard  to  the  much  longer 
geological  periods.  Mr.  Maxwell  Hall  indeed  recently  computed 
that  the  solar  system  is  moving  round  a  distant  centre  in  a  period  of 
18  or  14  millions  of  years,  though  his  data  I  think  must  be  regarded 
as  uncertain.  Further,  every  astronomer  knows  that  there  are  richer 
and  poorer  r^ons  among  the  stars,  the  passage  of  the  solar  system 
through  which  would  materially  affect  the  amount  of  stellar  heat. 

But  it  may  be  thought  that  the  total  amount  of  stellar  heat  is 
insignificant  compared  with  solar  heat  The  observations  of  Pouillet 
and  Herschel  however  point  to  an  opposite  conclusion.  The  mean 
temperature  of  the  earth  is  more  than  500°  F.  above  the  absolute 
zero,  of  which  according  to  them  not  more  than  300°  F.  is  due  to 
solar  radiation.  The  remaining  200°  F.  must  be  ascribed  to  the 
heat  of  the  stars.  An  increase  or  diminution  of  10  per  cent,  in  this 
would  raise  or  lower  the  mean  temperature  of  the  earth  by  20°  F., 
and  such  an  increase  confined  to  the  Northern  sky  would  make  the 
North  hemisphere  20°  F.  hotter  than  the  Southern. 

I  am  aware  that  the  results  arrived  at  by  Pouillet  and  Herschel 
are  doubted  by  many.  Further  experiments  on  the  same  subject  by 
skilled  physicists  are  much  to  be  desired.  And  should  these  ex« 
periments  result  in  showing  that  the  total  amount  of  stellar  heat  is 
insignificant,  this  fact  would  not  be  altogether  favourable  to  the 
theory  of  Dr.  Croll.  If  the  solar  heat  is  competent  to  raise  the 
mean  teniperature  of  the  earth  by  500°  F.  instead  of  300°  F.^  thj^ 
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increane  of  Tiv  which  takes  place  at  the  maximum  eccentricity  is 
competent  to  niise  the  mean  temperature  of  the  earth  by  nearly  2^  F.; 
and  this  increase  of  heat  being  maintained  for  thousands  of  years 
could  not  fail  to  affect  the  position  of  the  lines  of  perpetual  snow. 
Whether  there  would  be  an  actual  increase  of  2^  F.  in  the  mean 
tf^mperature  I  need  not  discuss,  because  as  regards  the  formation  and 
dissipation  of  snow  and  ice  the  essential  element  appears  to  be  the 
quantity  of  heat  absorbed  in  the  course  of  the  year. 

13,  Belybdere  Place,  Dublin,  Feb.  27.  W.  H.  L.  MoNCK. 

ON  THE  CORRELATION  OP  THE  ORES  DE  BELLETJ  WITH  THE 

LOWER  BAGSHOT. 

Sir, — In  discussing  Prof.  Prestwich's  new  correlation  of  oiu* 
Eocenes,  I  could  not  help  calling  attention  to  the  fact  that  while  in 
his  table  the  position  of  the  Gr^s  du  Soissonnais  would  be  below 
the  London  Clay,  its  Flora  coincided  with  that  of  our  Liower  Bagshot 
at  Alum  Bay,  above  the  London  Clay.  This  apparent  anomaly 
is  capable  of  explanation. 

The  only  comprehensive  publication  on  the  Flora  of  the  Paris 
Basin  is  by  Watelet,  and  though  his  determinations  possess  little 
interest,  the  illustrations  are  sufficient  in  roost  cases  for  comparison, 
^he  plants  represented  therein  are  mainly  from  S6zanne  and  Bellen, 
with  a  few  from  other  localities.  The  precise  age  of  the  travertins 
of  Sezanne  is,  in  the  absence  of  direct  stratigraphical  evidence,  an 
unsolved  problem,  but  the  aspect  of  its  flora  is  so  ancient  that  it  is 
difficult  not  to  agree  with  Saporta,  Schimper  and  others  who  place 
it  in  the  Pal-eocene.  It  is  in  fact  allied  rather  to  the  newest 
Cretaceous  floras  of  Europe  than  to  any  Eocene  flora,  and  its  nearest 
representative  in  our  country  is  the  flora  of  Ardtun  in  Mull.  The 
few  plants  from  the  Gr^s  "  iniercales  dans  les  Sables  de  Braehenx " 
and  from  the  Lignites  are  insufficient  to  tell  us  anything,  but  those 
from  the  Caleaire  Grassier  are  well-marked  Bournemouth  species. 
It  is  with  the  vast  majority,  however,  from  the  Gris  de  BeUeu^  that 
we  have  to  deal,  and  these  we  cannot  hesitate  in  correlating  with 
onr  Lower  Bagshot  of  Alum  Bay.  The  forms  common  to  the  two 
are  a  Fern,  the  Palms,  all  those  highly  characteristic  forms  called 
Comptonia  and  Dryandra,  the  large  Ficns  Bowerhankii  and  other 
species  of  Ficus,  Laurns  ?  Salteri^  Quercus  or  Castanea  eocenica,  a 
supposed  Cinnamomum  Larieii^  the  flower  called  Parana,  leaves  of 
Acer,  and  bean-pods  of  Acacia  and  desalpinia.  The  Podoearpus 
elegans,  Marattia  Hookeri,  and  particularly  the  Aralia  primigenia,  so 
characteristic  of  Alum  Bay,  are  absent,  but  the  two  former  are 
equally  absent  in  the  corresponding  beds  so  close  at  hand  as  Stud- 
land.  On  the  other  hand,  the  Belleu  beds  are  far  richer  in  the 
trinerved  leaves  known  as  Daphnogene  and  Cinnamomum,  Such 
differences  are,  however,  always  met  with  in  separate  patches  of 
plants,  even  if  on  precisely  one  horizon  and  near  each  other,  and  do 
not  suffice  to  affect  the  main  fact,  that  the  facies  of  the  floras  is  as 
a  whole  the  same,  and  very  different  indeed  to  any  flora  above  or 
below  them.    I  have  had  large  Betvoa  of  tlve  plants  from  both 
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ities  pasB  through  my  hands,  and  the  similarity  is  beyond  all 
tion.  Now  these  plants  are  found  in  the  Gr^s  *'  supirieurs  aitx 
fes."  The  Lignites  themselves  rest  in  the  neighbourhood  of 
s  on  mottled  clay,  absolutely  identical  with  tbat  of  our  Reading 
.,  and  are  the  undoubted  equivalents  of  the  Woolwich  series, 
isting  of  stiff  bluish  clay  with  blackish  bands  and  some  fossil 
d,  exactly  as  in  the  Croydon  cutting.  Immediately  on  their 
ed  surface  we  find  the  calcareous  Bracklesham  beds  with  Nam' 
tes  IcBvigata,  so  that  there  is  a  hiatus  in  the  Paris  area  represented 
ur  series  by  the  Oldhaven,  London  Clay,  and  Lower  and  Middle 
shot. 

fe  may  place  the  Gr^  de  Belleu  anywhere  in  this  interval,  and 
only  reasonable  conclusion  to  be  drawn  is  that  they  do  not 
ng  to  the  Soissonnais  series  at  all,  but  lie  on  it  unconformably, 
mly  apparently  conformably  on  it,  just  as  our  Lower  Bagshots 
on  the  London  Clay  at  Alum  Bay.  In  this  case,  while  Prof, 
itwich's  correlation  of  the  '*  London  sands ''  or  marine  so-called 
rer  Bagshot  with  the  sands  of  Cuise-la-Motte  and  the  Upper 
eeian  is  unaffected,  the  totally  distinct  fresh-water  and  true 
rer  Bagshot  will  also  have  its  equivalent  in  the  Paris  Basin, 
be  suspected  connection  between  the  Floras  of  Alum  Bay  and 
ppey  is  strengthened  by  the  flora  of  these  Gr^,  for  I  have  recog- 
d  quite  a  number  of  casts  of  fruits  in  them  which  are  identical 
ii  Sheppey  forms.  J.  Stabkie  Gabdnbb. 


LARGE  IRISH  BOULDERS. 

IB, — In  the  Co.  Qalway,  as  mentioned  in  my  Geology  of  Ireland, 

48,  also  in  the  Geol.  Survey  Memoirs,  the  boulders  are  larger  and 

■©  numerous  than  elsewhere  in  Ireland,  much  larger  than  any  I 

e  seen  in  the  Co.  Wicklow.     The  Ballagh  Stone,  a  few  miles 

V.  of  Galway,  is  about  21  x  24  x  20  feet.     Clogh  Currill  is  as 

;e,  and  very  like  one  of  the  ancient  castles,  while  many  others  are 

ch  larger  than  the  ordinary  cabins  uf  the  country ;  they  are  all 

nite  blocks.     Huge  limestone  blocks  once  existed  on  the  sand- 

le  ridge  near  Ballingarry,  Co.  Limerick,  but  I  am  afraid  that  now 

y  are  all  quarried  away  and  burnt  into  lime  (Geol.  Survey  Mem.). 

the  Co.  Waterford  Du  Noyer  drew  attention  to  the  huge  con- 

merate  blocks,  some  of  which  he  figured  (Geol.  Survey  Mem.). 

a  largest  I  saw  was  Clogh-na-Kilcluney,  to  the  S.E.  of  the  Come- 

h  Mts.    One  nearly  as  large  is  Clough-lowrish,  figured  by  Du  Noyer. 

the  Co.  Wicklow,  Wyley  seemed  to  consider  the  largest  to  be 

t  of  Boleynass,  near  the  Devil's  Glen.     Kath  boulder,  near  the 

sh  Railway  Station,  Co.  Louth,  is  32  x  20  x  9  feet  (Geol.  Survey 

m.).     In  this  district  there  are  many  whinstone  blocks  of  large 

tensions.     S.  W.  of  Ballina  there  are  many  erratics  referred  to 

,rs  ago  by  Sir  R.  Griffith  and  Archdeacon  Verschoyle.    One  granite 

ck  N.W.  of  Carrowinore  has  been  calculated  to  exceed  415  tons  in 

ight  (Geol.  Survey  Mem.).  G.  Hknby  Kinahan. 

rBOLOOicAL  Survey  of  Ireland, 
14,  Hume  Street^  Dublin. 
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THE  METAMORPHIC  ROCKS  OP  SOUTH  DEVON. 
Sir, — ^The  writer  of  the  letter  printed  in   yonr  January  issne 
on  this  question  (p.  46)    does   not  seem   quite  to  recognise  the 
position   which   the  microscope  occupies  in   the  investigation.    As 
rrofessor  Bonne j   in   his  previous  letter  to  your  journal   kindly 
alluded  to  my  work  in  the  district  under  discussion,  I  may  perhaps 
be  allowed  briefly  to  indicate  the  point,  which,  as  it  seems  to  me,  is 
rather  overlooked  by  Mr.  Somervail.     How  he  can  have  supposed 
Professor  Bonney   has  anywhere  stated    that    the   mioroecope  in 
geology  is  '*  everything  "  to  the  exclusion  of  field-work  I  cannot 
understand,  for  I  remember  more  than  one  passage  in  which  the 
opposite  opinion  is  expressed.^     The  two  modes  of  investigation  are 
two  independent  witnesses,  and  the  question  is,  can  there  be  any 
value  in  a  result  founded  on  the  one  testimony  alone,  when  an 
investigator,  extremely  well  qualified  to  interrogate  both,  has  come 
to  an  opposite  conclusion  ?     It  is  not  even  as  if  the  two  methods 
result  in  a  complete  contradiction.     It  is  rather  that  the  rocks  at 
Hall  Sands  form  one  of  those  difficult  cases  where  the  unaided  eye 
can  scarcely  be  trusted.     Here  we  find,  almost  in  juxtaposition,  a 
**  schistified  *'  fragmental  rock  and  a  **  fragmentalised  "  schist.     The 
question  then  is,  can  we  draw  a  line  of  separation  between  the  two? 
He  who  relies  on  field  evidence  alone  may  say,  I  cannot  see  it ;  but 
the  worker  with  the  microscope  replies.  There  is  a  clear  distinction. 
The  positive  statement,  which  is  the  result  of  employing  the  more 
delicate  process  of  investigation,  must  surely   be  of  the  greater 
value;    and  in   such   case  one  could   not  rely  on  a  hesitating  or 
negative  answer,  which  had  been  the  only  outcome  of  the  more 
rough-and-ready   method.      But,   in   my  opinion,   even    the    field 
evidence  is  strongly  in  favour  of  the  distinctness  of  the  two  series 
of  rocks,  when  we  take  into  consideration  the  sections,  which  occur 
elsewhere  than  at  the  coast  of  Hall  Sands.     The  evidence  of  an 
abrupt  change  from  a  crystalline  to  a  non -crystal  line  rock  seems  to 
nie  perfectly   clear,  not  only  at  Hope  Cove,  but  also  along  the 
estuary  shores  north  of  Saloombe  and  towards  South   Pool,  and 
inland  near  Eillington. 

I  was  especially  interested,  in  my  first  visit  to  the  district,  in 
the  chlorite  schist  quarties  near  Hall  Sands,'  which  are  described 
in  the  article  in  the  Devonshire  Transactions ;  for  this  occurrence 
of  chlorite  schist  completely  disposes  of  any  theory  of  progressive 
metamorphism.  Certainly  there  can  be  no  gradation  from  the  slates 
of  Hall  Sands  to  chlorite  schist.  But  I  am  puzzled  by  Mr.  Somer- 
vail's  statement  that  this  chlorite  rock  reappears  in  the  valley  "  on 
the  north  of  Professor  Bonney 's  junction,  where  according  to  his 
view  it  has  no  right  to  occur."  The  chlorite  rock  occurs  to  the 
south  of  the  valley,  and  I  do  not  understand  on  what  grounds  it 
is  asserted  to  be  north  of  the  junction.  Professor  Bonney  indicates 
the  fault  by  a  dash,  which  necessarily  on  a  map  of  so  small  a  scale, 

1  Geol.  Mao.  1880,  p.  299;   and  1879,  p.  203. 

•  In  my  map  as  published  in  the  Quarterly  Journal,  two  lines,  which  unfortiuuitelj 
escaped  mv  notice,  have  been  accidentlly  introduced,  making  it  look  as  if  slate  existed 
in  the  Bickerton  quarry  in  contact  w\tn  t\ve  ftc\v\ftV..    t\ift  wvsjLTrj  ^  ^&  ^««i^Tv\M(i  by  Mr. 
Somervail,  is  entirely  of  chlorite  Bchist,  mt\i  i^cV€n&\dL&dL\^«.\iQ&« 
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oovers  some  inland  oonntry,  but,  as  is  olear  from  bis  description, 
be  limits  bimself  to  tbe  ooast,  and  did  not  attempt  to  trace  tbe  faults 
iDlandy  so  tbat  no  ar^ments  can  be  founded  on  tbe  lengtb  or  direc- 
tion of  ibis  line,  any  more  tban  on  tbe  breadtb  of  tbe  zone  sbaded 
to  represent  tbe  occurrence  of  tbis  or  tbat  rock  in  tbe  cliffs.  At 
Hall  Sands  tbe  cblorite  rock  is  not  seen  in  situ  along  tbe  sbore, 
tbougb  it  may  exist  beneatb  tbe  sand  on  tbe  soutb  part  of  tbe  beacb. 
But  I  do  not  believe  tbat  it  would  occur,  as  seems  to  be  suggested 
by  Mr.  Somervail,  furtber  to  tbe  nortb,  because  before  tbat  it  would 
be  oat  out  obliquely  by  tbe  boundary  fault. 

To  conclude : — as  to  tbe  proof  of  a  fault,  I  believe  tbat  if  Mr. 
Somervail  undertakes  a  microscopic  investigation,  after  baving  gone 
througb  bis  intended  course  of  study  witb  tbat  instrument,  be  will 
find  tbat  tbe  strata  are,  as  be  demands,  <'  tborougbly  opposed  to  eacb 
otber  in  mineral  aspect."  Wbile  the  result  of  field-work  is,  tbat 
beds  of  oblorite-scbist  and  of  mica-scbist  strike  up  towards  a 
certain  boundary-line,  and  seem  to  be  tbere  cut  off,  wbicb  is  surely 
suggestive  of  tbe  existence  of  a  fault.  0.  A.  Baisin. 

86,  HXTNOXBFOBD   BoAD,    N. 


Ths  New  Pbofebsob  of  Gkoloqt  at  Oxfobd. 

Wb  are  mucb  pleased  to  announce  tbat  Mr.  A.  H.  Gbekn,  M.A., 

F.R.S.,  F.G.S.,  bas  been  elected  to  fill  tbe  office  of  Professor  of 

Geology  in  tbe  University  of  Oxford,  a  post  rendered  vacant  by  tbe 

retirement  of  Prof.  Prestwicb.     Mr.  Green,  wbo  is  a  Cambridge 

man,  was  Sixtb  Wrangler  in  1855,  and  was  subsequently  a  Fellow 

of  Gains  College.     In  1861  Mr.  Green  was  appointed  an  Assistant 

Geologist  on  tbe  Geological  Survey  of  Great  Britain,  and  in  1867 

be  was  promoted  to  tbe  rank  of  Geologist ;  during  bis  service  be 

surveyed  considerable  areas  of  tbe  Jurassic  and  Cretaceous  rocks  in 

tbe  Midland  counties,  and  of  tbe  Carboniferous  rocks  in  Derbyshire, 

Yorksbire,   and   otber   nortbem  counties.     Many  Survey  Memoirs 

bave  been  written  wholly  or  in  part  by  Mr.  Green,  among  wbicb 

we  may  mention  tbe  Geology  of  Banbury  (1864),  and  tbe   geo- 

Iftgioal    descriptions    of    tbe    country    around    Stockport    (1866), 

Tadcaster  (1870),  Dewsbury  (1871),  Barnsley  (1878),  and  Wake- 

field  (1879).     The  memoir  on  the  Geology  of  North  Derbyshire,  of 

wbicb  tbe  first  edition  was  published  in  1869,  was  written  chiefly 

by  Mr.  Green,  and  tbe  second  edition,  published  last  year,  contains 

additions  by  him.     His  most  important  Survey  work  is  the  Geology 

of  the  Yorkshire  Coal-field  (1878). 

In  1874  Mr.  Green  was  appointed  Professor  of  Geology  in  the 
Yorkshire  College  at  Leeds,  and  while  he  completed  some  official 
Survey  work  after  that  date,  he  also  published  in  1876  a  Manual 
of  Physical  Geology,  a  work  which  has  taken  a  leading  place  as  a 
text-book  for  students  and  teachers  on  this  branch  of  the  science ; 
a  third  edition  was  issued  in  1882.  We  may  mention  that  for 
several  years  Mr.  Green  held  the  Lectureship  on  Geology  «A.  \.W 
School  of  Milhaij  Engineering  at  Chatham ;  until  Oie  axxWionViv^^  ^\. 
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the  War  OfSoe  came  to  the  oonolugion  that  education  in  thia  Boienoe 
was  unneoeeaary  I 

It  is  iatereaUng  to  note  that  must  of  onr  Qeolo^oal  Proressora 
have  served  their  apprenticeship  on  the  staff  of  the  Geologiciit 
Survey  ;  these  include  Profesacrs  Hughes,  Hull,  Judd,  James  Geikie, 
Boyd-I^wkins,  Young,  and  Lebour. 

The  Datidsuh  Mbmokial. 

Thi  marble  medallion  portrait  of  the  distinguished  palsmntologist, 
Dr.  Thomas  Davidson.  LL.D.,  F.E.S.,  hy  Mr.  Thomaa  Brock, 
A.R.A.,  was  unveiled  on  Friday  aftemoon,  at  three  o'clock,  in  the 
geological  room  of  the  Free  Town  Museum,  by  the  Mayor  of 
Brighton  (Mr.  E.  Martin).  Aa  the  ceremony  had  been  unavoidably 
postponed,  the  day  unfortunately  ooincid^d  with  that  of  the  Anni- 
versary Meeting  of  the  Geological  Society.  Prof  J.  W.  Judd, 
F.R.S.,  the  President  of  the  Society,  communioated  a  feeling  tribute 
to  the  worth  and  scientific  attainments  of  Dr.  Davidson ;  and  Sir 
Bichard  Owen,  K.C.B.,  Prasident  of  the  Palceontographical  Society, 
also  wrote  expressing;  his  sympathy,  and  regrets  that  failing  healib 
prevented  his  paying  the  respect  of  personal  attendance  to  the 
memory  of  his  dislinguiahed  fellow-worker. 

The  Memorial  was  presented  to  the  town  on  behalf  of  his  felh>w 
subscribers  by  Mr.  Edward  Crane,  F.G.8.,  Hon.  Sec,  and  Chair- 
man of  the  Museum  Committee,  who  referred  in  detail  to  Dr. 
Davidson's  life-long  scientific  labours  on  the  Braohiopoda,  the 
honours  bestowed  on  him  for  these  researches,  and  the  valuable 
servioes  be  had  rendered  to  Brighton  in  the  formation  of  the  Free 
Museum,  when  the  British  Association  visited  the  town  in  1872, 
and  in  furthering  its  subsequent  development.  The  Mayor  suitably 
acknowledged  the  gift,  which,  he  said,  would  always  be  respected 
and  prfserved  as  an  enduring  memorial  of  a  most  distinguished 
scientific  man  and  fellow- townsman. 

The  small  balance  of  the  fund  available  will  be  expended  in  Bome 
addition  to  the  Museum  Collections  by  the  joint  Hon.  Sees.,  E. 
Crane,  F.G.S.,  and  J,  E.  Haselwood,  F.R.M.S.,  who  Ijeg  to  express 
here  their  warm  acknowledgments  to  all  Ihe  pereoual  and  soientifio 
friends  and  aubscriliers  to  the  Davidson  Memorial  both  at  home 
and  abroad. 

The  Medallion  is  a  splendid  life-like  presentment  in  alto  retteva 
of  Dr.  Davidson  in  the  prime  of  life.  It  is  framed  iu  moulded 
alabast«r,  and  is  a  highly  finished  work  of  art.  Placed  in  a  con- 
spicuous position  in  the  geological  room,  it  forms  a  most  artistic 
adornment  to  the  walls  of  the  Museum.  The  following  inscription 
in  gilt  letters  is  placed  on  an  oak  panel  beneath  the  Medallion : — 
TH0MA8  DAVIDSON,  LL.D.,  F.B.8.,  F.G.S. 
AVollsBton  Medal  1866.  Rojal  Society'B  Hnkl  1860. 

First  Cburman  of  the  Brighton  MuMum  Committee. 

Fresented  to  the  Toini  Fab.  ITth.  1888,  bj  the  SubMribera  to  the  "  Daridran 
L  Hemoria]  Fund." 

^■TaoMAM  Baocx,  A.B.A.,  Sculptor.  Edwabo  Hautix,  llsjor. 
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L — On  the  Mollusoa  of  the  Pleistocene  Gbayels  in  the 

Neiohboubhood  of  Cambbidoe. 

By  Mrs.  McEennt  Hughes. 

THE  site  of  Barnwell  Abbey  has  long  been  excavated  for  gravel. 
The  pits  have  been  easily  accessible  to  collectors,  and  have  for 
many  years  yielded  large  numbers  of  Mammalian  bones,  Mollusoa, 
and  a  few  plant-remains. 

These  gravels  were  noticed  by  the  Rev.  P.  B.  Brodie  and  Prof. 
Sedgwick  in  1838.*  Prof.  Seeley  gave  a  sketch  of  them  in  the 
Q.  J.  G.  S.  1866,  in  which  there  was  a  list  of  the  land  and  fresh- 
water shells  drawn  up  by  Mr.  Dewick.  They  were  described  by 
Mr.  Jukes-Browne  in  his  essay  on  the  Post-Tertiary  deposits  of 
Cambridgeshire,  1878,  and  in  the  Memoir  of  the  Geological  Survey.' 
A  list  of  the  species  preserved  in  the  Wood  ward  ian  Museum  was 
given  by  Prof.  Hughes  in  the  Geological  Magazine  in  1883. 
Exact  references  to  some  of  these  papers  and  to  others  in  which  the 
deposits  are  mentioned  will  be  found  in  Mr.  Whitaker's  list  of  works 
on  the  Geology  of  Cambridgeshire,  privately  printed  for  the  Wood- 
wardian  Museum  in  1873,  and  reissued  with  the  Geological  Survey 
Memoir  above  referred  to.  A  list  of  shells  from  the  Barnwell  Gravel 
is  given  by  DoUfus.' 

Whenever  any  fresh  excavations  are  made  in  this  district,  new 
evidence  is  generally  obtained  as  to  the  relations  of  beds,  and  the 
distribution  of  the  life  of  the  period  ;  and  it  seems  desirable  to  place 
on  record  at  once  any  additional  facts  observed  in  deposits  which  are 
being  entirely  removed,  such  as  the  Barnwell  Abbey  gravel,  and 
to  call  attention  to  any  hitherto  undescribed  sections,  such  as  those 
near  Barnwell  Statiun,  at  Grantchester,  or  in  the  pits  west  of 
Barrington  Green. 

Within  the  last  few  years  Barnwell  Abbey  has  been  acquired  by 
Mr.  Sturton,  who  has  laid  out  the  ground  in  building  plots,  having 
previously  removed  almost  the  whole  of  the  surface  gravel.  Mr. 
Sturton  has  with  great  liberality  presented  to  the  University  what 
remained  of  the  old  Abbey  and  a  piece  of  the  ground  around  it,  and 
has  offered  every  facility  to  geologists  for  examining  the  sections 
during  the  progress  of  the  work.     Thus  an  exceptional  opportunity 

>  Trans.  Camb.  Phil.  Soc.  vol.  viii.  1844,  part  i.  p.  138. 

«  Explanation  of  Sheet  61  S.W.  1881. 
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has  been  offered  for  observing  the  relative  position  of  the  beds  in 
which  the  different  species  were  more  or  less  abundant  None  of 
the  shells  were  confined  to  definite  zones ;  nor  were  they  distributed 
through  beds  bearing  any  constant  relation  to  one  another ;  but,  at 
varying  horizons,  and  in  different  parts  of  the  field,  lenticular 
masses  and  pockets  occurred,  in  which  certain  species  were  very 
abundant,  while  others  were  absent  there  which  were  common  above 
or  below,  or  at  the  same  horizon  close  by ;  whereas,  not  far  off  they 
would  be  found  mixed  together  in  the  same  bed.  In  former  excava- 
tions, in  one  part  of  the  field,  plant-remains  were  found  in  abund- 
ance near  the  base  of  the  gravel.  Among  these  were  a  few  Chara 
spores  and  a  quantity  of  leaves  and  twigs  which  are  considered  by 
Mr.  Clement  Reid  to  belong  to  one  species  of  Salix — probably 
8.  repens.  From  the  recent  diggings  very  few  plant-remains  have 
been  obtained  ;  only  an  obscure  fragment  here  and  there. 

It  is  clear  that  gravel-pits  of  inconsiderable  size  opened  in  closely 
adjoining  parts  of  the  field  might  yield  a  very  different  group  of 
fossils ;  but  the  removal  of  the  whole  showed  that  this  depended 
npon  small  local  variations  of  the  same  set  of  deposits.  For  instance, 
there  were,  in  one  case  associated  with  Mammoth  near  the  top,  and 
in  another  resting  on  the  Gault  at  the  very  base  of  the  deposits  (see 

Fig.  1. — Section  seen  bj  Ancient  Well  North  of  Rnin,  on  site  of  Barnwell  Abbej. 

Scale — 10  feet  to  1  inch. 
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a,  Surface  soil,  etc. ;  ^,  Irregular  gravel ;  <?,  Fine  sand  and  marl :  d,  Reddish  sand ; 
e.  Coarse  gravel  consisfine  in  places  of  large  subangular  flints  witb  a  few 
boulders  derived  from  the  drift  and  passing  horizontally  into  fine  beds  of  chalky 
gravel  and  marl  full  of  shells,  chiefly  Mythinia,  Corbieula,  UhiOf  VaivaUi, 
FlanorbiSj  etc. ;  /,  Gault. 

Section  Fig.  1),  lenticular  marly  beds  containing  shells  and  opercula 
of  Bythinia  in  great  abundance.  In  some  places  no  specimen  of 
Corbicula  (Cyrena)  could  be  found;  still  more  often  Unto  liioralis 
was  absent,  although  these  shells  occurred  somewhere  at  every 
horizon.  Except,  therefore,  in  the  case  of  very  extensive  excava- 
tions, generalizations,  especially  where  founded  largely  on  negative 
evidence,  must  be  considered  only  as  tentative. 

In  the  gravel-pits  at  the  other  side  of  the  Newmarket  Road  no 
shell-bearing  beds  are  now  exposed,  although  a  few  years  ago  Unto 
lUoralis  occurred  abundantly  in  the  N.W.  comer  of  the  pit,  but 
lower  than  the  level  of  the  present  workings. 

Following  the  gravel  due  north  we  come  to  the  brick-pit  at 
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Barnwell  Station ;  here  the  gravel  is  seen  resting  on  the  Gault, 
which  is  in  places  troughed  in  such  a  manner  as  to  suggest  the  heds 
of  ancient  streams  (see  Section  Fig.  2). 

There  seems  to  he  one  such  old  channel  here  at  the  margin  of  the 
gravel,  running  parallel  to  the  present  river- valley,  h,  c,  d,  and  e 
of  the  section  are  river  deposits  which  have  filled  it  up ;  some  of 
the  looping  is  perhaps  caused  or  increased  hy  the  decomposition  of 
underlying  chalky  heds.  The  channel  here  and  there  cuts  just  into 
the  top  of  the  Gault,  and  patches  of  the  overlying  Ohalk-marl  and 
Phosphate  Bed  are  left ;  the  hanks  seem  to  have  fallen  in  in  places, 
and  the  gravel  has  sunk  into  the  puddled  surface  of  the  clay,  so  that 
the  Gault,  Phosphate  Bed  and  gravel  are  sometimes  kneaded  up 
together  in  the  most  irregular  manner.  The  gravel  (c)  thickens  out 
to  the  west,  and  falling  over  the  slope  to  the  lower  ground  forms  the 
main  mass  of  the  hank  next  Stourbridge  Common,  and  corresponds 
to  the  gravel  near  the  Holy  Well  at  Barnwell  Abbey,  which  in  like 
manner  lies  on  the  west  slope  of  a  bank  of  Gault  (see  Fig.  3). 

This  western  portion,  both  here  and  at  Barnwell  Abbey,  forms 
the  margin  of  a  lower  terrace,  which  being  directly  derived  from  the 
higher  level  gravels,  can  hardly  be  distinguished  from  them  on  the 
ground.  The  deposit  in  which  the  shells  occur  at  Barnwell  Station 
{e)  is  older  than  this  flanking  gravel,  as,  at  Barnwell  Abbey,  the 
shell-bearing  strata  are  older  than  the  gravels  west  of  the  Gault 
ridge,  and  between  it  and  the  river.  When,  however,  we  have  to 
consider  the  relative  age  of  the  shell-beds  at  Barnwell  Station  and 
those  at  Barnwell  Abbey,  we  find  that  the  question  is  more  complex. 
The  lie  of  the  ground  seems  to  point  to  their  being  part  of  the  same 
mass,  but  the  character  of  the  deposits  seems  to  indicate  that  though 
they  belong  to  approximately  the  same  age,  they  were  nevertheless 
laid  down  under  somewhat  different  conditions. 

With  the  interruption  of  the  lower  level  gravels  of  the  Cam 
Valley,  described    by  Mr.  Jukes-Browne,  we  find  beds  similar  to 

Fig.  4. — Section  South  of  Grantchester. 
Scale— 10  feet  to  1  inch. 
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a.  Surface  soil  and  rusty  gravel  from  which  the  Chalk  has  heen  dissolTed  out ; 
b,  Chalky  gravel  and  marl  with  pans  of  peaty  silt  and  hands  full  of  land  and 
freshwater  shells ;  c,  Chalk-mai\  and ¥\ios^\i«AA  Bed;  dy  Gault. 
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those  at  Barnwell  covering  a  large  area  near  Shelford,  where  also 
Ccrbievia  fluminaliB  is  found,  and  extending  bj  Trumpington  to  the 
well-marked  terrace  of  Grantohester 

The  Orantchester  gravel  (see  Section  Fig.  4)  occarred  in  irregular 
masses  troughed  into  the  underlying  Ohalk-marl,  and  was  exposed 
by  the  removal  of  the  whole  of  the  surface  in  the  process  of  digging 
for  phosphate  nodules.  It  was  not  clear  that  it  bore  any  relation  to 
the  existing  geographical  features  ;  but  its  irregularity  and  the 
presence  of  pans  of  decomposed  vegetable  matter  and  of  masses  of 
shells  buried  in  chalky  loam,  seemed  to  indicate  accumulations  along 
the  shifting  channels  of  a  river  wandering  over  a  tolerably  wide 
area,  and  deriving  much  of  its  material  from  older  gravels,  from 
Boulder-olay,  and  even  directly  from  the  Chalk-marl  which  it  here 
and  there  touched  in  its  course.  All  the  shells  in  the  Woodwardian 
Museum  were  obtained  from  one  rich  deposit  of  small  extent  dose 
to  the  farm  track,  just  beyond  the  S.W.  comer  of  the  camp,  at  a 
depth  of  about  5  to  8  feet  from  the  surface.  This  pit  is  now  filled 
up,  and  although  there  are  here  and  there  openings  from  which  sand 
and  gravel  are  being  dug,  no  shells  have  been  found  in  them ;  nor 
are  any  beds  now  exposed  exactly  similar  to  those  from  which  the 
shells  were  formerly  obtained.  The  list  of  Mammalian  remains  and 
shells  given  in  Column  II.  p.  202,  has  not  hitherto  been  published. 

Beyond  Orantchester,  about  four  miles  to  the  south-west,  the 
village  of  Barrington  stands  on  a  terrace  on  the  left  bank  of  the 
Biver  Bhee.  This  terrace  consists  principally  of  loam  derived  from 
the  Chalk-marl  with  lines  and  lenticular  beds  of  sand  and  gravel  to 
a  depth  of  from  5  to  10  feet. 

Fio.  6. — Section  seen  in  pit  north  of  Windmill,  near  Westgate  Farm,  Barrington. 

Scale — 10  feet  to  1  inch. 
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•,  Surface  soiL  1'— 2' ;  b,  Chalky  loam  and  sand,  with  small  lines  and  lenticular 
beds  of  gravel.  At  the  southern  or  lower  end  of  the  digging  the  gravel  and 
sand  is  looped  into  the  top  of  the  underlying  Chalk-marl.  6'— 7' ;  c.  Chalk-marl ; 
df  Cambriage  Greensand ;  0,  Gault. 

The  gravel  does  not  appear  on  the  1-inch  Survey  Map,  probably 
because  at  the  time  that  map  was  made  there  was  nothing  at  the 
surface  to  distinguish  the  loam  which  belonged  to  the  gravel  from 
the  decomposed  surface  of  the  marl,  etc.     In  subseq[uent  phosphate 
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^iggingBf  however,  on  the  north-east  side  of  the  village,  this  deposit 
was  exposed  and  described  by  the  Bev.  0.  Fisher,^  and  referred  to  in 
the  Survey  Memoir.' 

About  a  mile  and  a  quarter  W.S.W.  of  these  pits,  north  of  the 
Windmill,  on  the  other  side  of  Barrington  Oreen,  extensive  exoava- 
tions  for  phosphate  have  recently  exposed  other  sections  in  what  is 
the  continuation  of  that  terrace,  or  if  now  cut  off  firom  it  by  the 
little  vaUey  west  of  Barrington  Green,  was  originally  part  of  the 
same. 

From  the  character  of  the  workings,  the  whole  of  the  deposits 
belonging  to  the  gravel  age  can  be  seen  down  to  the  base,  where 
tbey  rest  upon  the  Chalk-marl  (see  Section  Fig.  5).  They  consist 
largely  of  materials  derived  from  the  Chalk-marl  and  Arom  the 
Boulder-clay,  which  at  that  time  must  have  covered  a  much  wider 
area  than  now  on  the  adjoining  hills.  A  somewhat  larger  admixture 
of  far-travelled  fragments  from  the  drift  might  be  expected,  and  as  a 
matter  of  fact  is  generally  found,  in  all  gravel  deposits  of  the  district 
which  occur  on  higher  and  older  terraces,  or  nearer  the  hills. 

The  portions  of  the  Barrington  Oravel,  which  are  of  the  same 
coarseness  as  that  of  Barnwell,  do  not  differ  much  from  it  in  com- 
position ;  in  both  cases  a  large  proportion  of  the  material  consists  of 
ferruginous  subangular  flints. 

The  Barrington  deposit  is  exceptionally  rich  in  the  number  and 
variety  of  its  Mammalian  remains.  Small  pieces  of  bone  occur 
through  the  whole,  but  the  largest  and  best-preserved  bones  lie  in 
irregular  masses  of  gravel  near  the  base.  In  one  place  just  above 
the  Chalk-marl  there  was  a  boulder  of  quartzite  about  9  inches  in 
diameter  resting  upon  a  large  limb  bone.  The  bones  are  generally 
scattered  and  mixed,  but  occasionally  there  seems  to  be  evidence  of 
associated  remains.  Among  the  valuable  specimens  secured  by  Mr. 
Keeping's  skill  for  the  Woodwardian  Museum,  there  are  several 
whole  lower  jaws  of  Hippopotamus  and  a  nearly  perfect  skull  of 
HyaBua.  It  will  be  seen  on  comparing  the  lists  of  fossils  given  below 
(p.  202),  that  the  Mammalian  remains  from  this  pit  at  Barrington 
(Column  IV.)  agree  with  those  from  Barnwell  Abbey  (Column  L), 
with  the  exception  of  Arvicola,  determined  by  Mr.  Oldfield  Thomas, 
which  has  not  been  found  at  Barrington,  and  of  Reindeer,  the  occur- 
rence of  which  at  Barnwell  rests  on  the  determination  of  a  small 
fragment  of  antler.     Horse  occurs  in  all  four  localities. 

Bison  priscuSf  Cervua  megaceros,  C,  tarandus,  Hippopotamus 
amphibius  (major),  Bhinoceros  leptorhinusy  and  Meles  taxus,  have  not 
been  found  at  Grantchester,  but  these  diggings  were  unfortunately 
not  so  carefully  watched  as  they  might  have  been.  Bones  have  been 
obtained  from  the  pit  near  Barnwell  Station,  but  they  have,  gene- 
rally, been  too  fragmentary  for  determination.  The  following  species 
have,  however,  been  made  out,  Red  Deer,  Mammoth,  Rhinoceros  and 
Horse. 

At  Barrington  the  shells  occurred  in  rapidly  thinning  and  thicken- 

'  Q.J.G.S.  Tol.  xxxT.  1879, ip.  610.  *  pp.  94-6. 


Mrs.  McKenny  Hughes — Pleistocene  MoUusca.  199 

ig  beds  of  loam  and  sand  in  the  same  manner  as  at  Barnwell  Station, 
at  not  indiscriminately  through  coarse  gravel  and  finer  deposits  as 
t  Barnwell  Abbey. 

The  shells  of  Barnwell  Station  (Column  III.)  and  Barrington 
Column  lY.)  seem  to  represent  marginal  deposits  such  as  are  seen 
long  the  edges  of  ponds  and  rivers  at  the  present  time,  oocasionally 
ncroached  upon  by  river  floods  which  swept  them  into  holes  and 
mbayed  corners. 

This  is  suggested  by  the  accumulation  of  the  smaller  and  lighter 
bells,  just  as  now  seen  on  the  edge  of  the  flood- water,  and  by  the 
reat  abundance  of  Pupa  marginata,  while  the  rest  of  the  shells 
re  quite  consistent  with  this  view.  Anodonta  is  rare  and  usually 
mperfect. 

The  shells  of  Barnwell  Abbey  (Column  I.)  and  of  Grantchester 
Column  II.)  seem  to  belong  rather  to  the  main  channel  of  the  river. 
Into  and  Corhicula^  which  like  river-beds,  occur  at  Barnwell  Abbey 
nd  Grantchester,  but  not  at  Barnwell  Station  or  Barrington.  Fupa, 
be  characteristic  shell  of  the  other  two  localities,  is  comparatively 
are  at  Barnwell  Abbey  and  Grantchester. 

There  is  a  marked  agreement  between  the  Barnwell  Abbey  and 
irrantchester  Mollusca.  All  the  species  which  are  individually 
umerous  in  either  locality  are  common  to  both.  Those  which  are 
•ecu liar  to  one  of  the  two  localities  are  rare  forms.  Thus  Hydrohia 
larginata,  Mich.,  occurs  at  Barnwell  Abbey,  but  has  not  been  found 
t  Grantchester.  Limax  is  recorded  only  from  Barnwell.  Single 
pecimens  of  Planorbis  nitidus,  Miiil.,  P.  fontanus,  Light.,  Patula 
uderata,  Miill.,  Helix  lamellata,  Jeff.,  Vertigo  pusiUa,  Miill.,  F. 
ientulay  Drap.,  F.  minutissima,  Hart.,  and  Cidcilianella  acicula,  Miill., 
ave  been  found  at  Barnwell  Abbey  and  there  only.  On  the  other 
and.  Planorbis  nautilus,  Linn.,  Helix  ohvoluta,  Miill.,  and  H.  aculeata, 
lull.,  are  as  yet  peculiar  to  Grantchester.  A  more  careful  search 
?ould,  however,  probably  result  in  filling  up  most  of  the  gaps  in 
oth  lists  (see  pp.  200—202)  :— 

1  must  here  acknowledge  the  kind  help  which  I  have  received 
rom  Mr.  Cooke  in  drawing  up  the  list  of  shells,  and  in  finding  the 
ange  of  various  species. 

I  am  also  much  indebted  to  Mr.  Dewick  for  the  trouble  he  has 
iken  in  determining  my  specimens  of  Limax  and  some  other 
pecies,  by  comparison  with  those  in  the  Natural  History  Museum, 
nd  also  for  lending  me  his  rarer  specimens  for  examination. 

Professor  Rupert  Jones  has  kindly  determined  the  Ostracoda  for 
le.  He  remarks  that  he  has  found  Caudona  compressa,  Koch,  in 
*ost- Tertiary  beds  in  Berkshire,  Cambridgeshire,  also  at  Fisherton, 
ear  Salisbury,  from  the  raised  beach  of  Portland- (Prestwich  Coll.), 
nd  from  the  Chara  Bed  near  Hitchin  (Blackmore  Coll.).  Candona 
andida,  Miill.,  he  says,  is  very  common,  both  Kecent  and  Post- 
'ertiary. 

An  explanation  of  the  isolated  or  rare  occurrence  of  certain  forms 
n  the  ancient  river  deposits  is  suggested  by  what  is  seen  at  the 
•resent  time  along  the  Cam  above  Cambridge,  where  the  artificiad 
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Spom  >nd  stems  of  Ckara 


Salix  (probablj'  S.  rtfeni).    Twigs  and  leaves.    

Invertebrata. 

Crustacea  (Osthacoda). 

Cypris  nflans,  Baird  (see  Jones,  Poal-Tert.  Entom.  1874, 


jtvaylaup,  mostlyyouneO- 


Sfii^rium  comeum.  Linn 

S.  lanutre,  Miill,  York  Mi 

Pisidmnt  amnkum,  Miill.     (Veiy  abundant.     Valves  adh.) 

foHtinalt,  Drap.     (Abundanl.     Valves  adherent.) 

var.  HnalmeaHa,  Sheppard.    (Abundant 

at  Granlcbester.)    

fusillMm,  GtncL.     (In  Mr.  Dewick's  and  alro  in 

Mr.  Tomlin's  Collection  from  Barnwell  Abbey. 
Several  specimens  in  the  Woodwardian  Museum 
from  Grantchester. )  -..,.- 

Carbiiiila  Jiuminalii,  Miill.  (Usually  of  a  small  site. 
Great  variety  in  siie,  shape,  texture  and  sculpture. 
Very  abundant  at  Barnwell  Abbey  and  Lirant- 
chester.  Valves  often  adherent  and  ligament 
preserved  .1 -.— _, — 

Unto  piclerum,  Linn. 


Gasteropoda. 

Bylkinia  Itnlacalata,  Linn.      (Varies  much  in  siie.     Many 
young  specimens.      Opercula  very  commoa  in 

places.     Sometimes  found  still  in  the  shell. ) 

Hydrebia  margiHOJa,  Micb.      (Rare.) 

Valvala  pisiiHalis,  Miill.    (Very  abundant.    Varies  very  much 
in  uie  and  shape.     Many  young  specimens.)    — 

criitala,  MiilL     (Not  common.) . 

/Vonoriii  nitiiiu!,  Miill.  =  P.  iimalui.  Walker.    Very  rare. 

(One  specimen  in  Mr.  Tomlln's  Collection.) ...,_. 

fimlanui,  Llghtf.  =  P.  nitidus,  MiiU.  (Jeff.)  British 


t,  Lin 


Vl. 


~~  glabir.  Jeff.    (Very  rare.)— _-, — 

—  spirorbis,  Miill.      (Common  at  Bamwelt  Junction.). 

—  vorlix,  Linn.      (Rare.) 

—  catinalus,  Miill.     (Kare.) 

—  effiafiianalui,  LiOD.    (F^lj  abnodanl.^ 
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frUt  tenlsrtus,  Linn.     (Rare.) 

a  Ayffotmn,  Lino.  (Single  ipecimen  from  Grant- 
Chester,  in  the  Woodwaidian  Museum.  One 
specimen  from  Bamirdl  Abbey  in  Mt.  Tomlin'i 

Colleelion.) 

Jimiitialii,  Linn.     (Three  or  four  good  specimens 

from  Barnwell  Abbey  in  Mr.  Tomlia's  Collection, 
and   one   specimen   Trom   Giantchester   in    the 

Woodwardian  Museum.) 

laa  fier^ra,  tAM.     (Not  common.)  

aurUularia,  Linn.     (Very  common.     Spire  often 

much  intorted.    Two  specimens  from  Baniwell 
Abbey  slightly  scalariform.     Varies  much  in  size. 

Lines  of  growth  often  strongly  marked.}    

slagnalii,  Linn.  (A  few  specimens  only  from  Bam- 
well  Abbey.     Fairly  common  at  Grantchester.) 

-faluslhs,  Miill ^, 

Inincatula,    Miill.      (Common     at    GnUllche*ter. 

Many  very  small  specimens.}  

vlutfiuviatiUs,  *■ '" 


—  Uuuitris,  Linn,  b  otItHgus,  Forbes  &  Hanley.   ... 
Land  Shells. 

(Mr.  Dewick  determined 

two  specimens  found  by  me.)  

—  lavii.  Mull.     (Two  specimens  found  by  myself.) 

3  pulrii,  Linn.     (Very  large  specimens  at  Barnwell 

Abbey  and  Grinlchester.)    — . 

—  tligans,  Risso.   

—  oilonga,  Drap.  .„ „ 

jcdiaria,  MulL      

—  niuduia,  Urap » - 

—  radialuia.  Alder, _..__m— ~. 


crystallina,  MulL  _. 

vlus  fiibias,  Drap.   

tia  rolundala,  Miill. 


I,  Studer,     (A  single  specimen  found  by 

Mr.  Dewick.)      

—  pygmiEa,  Drap.     (One  reversed  specimen  found  al 


young  specimen  in  the  Woodwardian  Museum.) 

-  {Acanthihula)  luuleata,  Miill.     (Twelve  specimens 

in  the  Woodwardian  Museum.)  ~ — 

-{ ) larrullala,]^^.  (Asinglespecimenfouad 

by  Mr.  Dewick.)    

-  {Vallottia) pulchtlla,  Kxia.     (Very  abundant.)    „. 

-  {Frulicuola)  hisfiJa,  Linn 

-  ( )  cmtcinna,  Jeff,  (One  reversed  Specimen 

found  at  Barnwell  Abbey  by  Mr,  Dewick.) , 

—■)frutUum,  Miill.     (Rare.' 
.   ,   ..    ,      ..  .-,.1, 

,  Mr.  bewick's 
d  two  in  the  Woodwardian  Museum,  j 
lens      from     Grantchester     in     the  i 

n  Museum  ) - 

istorum,  Linn.    (Varies  very  much. 

E^hells  distorted  and  injared.) 

X.   alptilris,  Ziegler,     (Common  at  1 


A  \ 
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Pttpa  m 


well  Abbey  and  Granlcbnter.)    

( )  iw-^fti,  DbC.  (ComraonfttBarrinEton.) 

( )  tapimta,  MonL     (Very  rare)    

•}  moHtaHus,  Drap.     _> 

eisriirui.  Mull.     (One   specimen    frDTn    Bainivell 
Abbej'  in  the   York   Museum,   and    one   from 

"         :hester  in  the  WoodwArdian  Miueum.) 

It  BaniweU  Station 


Drap.   ( Very  abundant  al 

ana  ai  Barrington.) 

VaiigB  anlivtrliga,  Drap.     _.„., 

Mfulintiatia,  Dupuy.  ._ , 

pmilla.   Mull.     (One  in  Mr.  Tomlin'a  Coll.)  .. 


'.  Jeff.  _ 


edtHlula,  Drap.      (One   found    by   Mr.  Dewick 

resembles  var.  tatuniilla  of  Jeffreys.). 

minuihsima,  Hartmaon.     {Une  specimen  found  by 

Mr.  Dewick.) —„ 

Ba/ta  fen/eria  ?  Linn.     Young.    Mr.  Bewick's  Coll 

Clatailia  rugiua,  Drap _. -~ 

fiumila,  Ziegler,     (Described  in  former  lists  as 


C.  biflicaia.)  .. 


CaciliantUa  annda,  Miill.      (One  specimen  found  by  Mr. 


«oralh.\.. 


s  found  inside  H.  arbialorum  and  H, 


Cyeleilama  titgans,  MiilL     (One  specimen  only,  found  by  m 
in  the  Mammaliferous  gravel  of  Harrington.}    . 
Vbrtebkata. 

Biion  priiCHS,  Bojan.    

Bos  primigtnmt,  Bojan. 


CtTVus  megacerei.  Hart. 


EUphas  aniiqm 


—  pnmigmni 


pnmigenius,  Dium.  _- - — , 

EqfiHs  laiailiu/msilis,  Meyer.    ___„___., 

Ftlii  spdaa,  (Joldf .    _™„„ 

Hippopoiamus  amphibais,  L.  c  majiir,  Cuv.  -. 
llyana  (riXHia  =  spHaa,  Goldf.  , 


Rkinoctros  Irplorhtiaa,  or  licharMam,  Ctivier.  _-.___- 

UriHi  spelaus,  Blum.    - 

Altta  iazMi,  Otren.   
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[▼ersion  of  the  river  has  produced  effects  which  must  have  heen 
immon  in  the  case  of  the  tinoontrolled  rivers  of  former  times.  On 
beep's  Oreen  there  are  many  small  ponds  which  represent  deserted 
drtions  of  the  old  river-bed;  in  these  many  of  the  less  common 
id  irregularly  distributed  freshwater  shells  occur — abundantly  in 
le — rarely,  or  not  at  all,  in  another.  For  instance,  we  find  Byihinia 
eachii  there,  as  well  as  in  the  ditches  further  south.  In  one  of  the 
3nds  seven  species  of  PlanorbiSf  including  the  two  rare  forms  P. 
'tidus,  Miill.,  and  P.  fontanw,  Light.,  also  Falvata  cristata,  Mull., 
id  many  of  the  Pisidia,  are  found. 

Mr.  Tomlin,  who  has  thoroughly  searched  that  locality,  informs 
le  that  two  of  the  ponds  are  far  richer  than  any  of  the  others,  and 
lat  he  never  met  with  the  two  rare  species  of  Planorhis,  mentioned 
)ove,  elsewhere  in  this  neighbourhood,  except  odd  live  specimens 
I  some  of  the  other  Sheep's  Green  ponds.  He  never  found  them 
ly where  down  the  river. 

Along  the  margin  of  these  pools  Carychium  fntmrnum,  Miill.,  and 
^yalina  nitida,  Miill.,  abound.  Now  and  then,  when  the  river  is 
I  flood,  the  whole  Green  is  under  water,  and  at  such  times  many  of 
le  shells  in  these  ponds  and  ditches  must  be  carried  away  and 
ixed  with  the  common  river  shells. 

From  analogy,  therefore,  it  would  appear  that  the  winding  about 
■  a  frequently  flooded  river,  over  an  alluvial  plain,  in  which  ponds 
imained  where  the  deeper  parts  of  the  old  river-bed  had  been, 
ould  most  easily  account  for  the  difference  in  the  facies  of  the 
'avel-shells  in  the  different  localities. 

A  careful  study  of  the  distribution  and  mode  of  occurrence  of  the 
*avel  fauna  and  flora  ought  to  give  us  some  clue  to  the  geographical 
langes  which  have  affected  the  incoming  and  disappearance  of  the 
irious  forms  of  life. 

The  great  majority  of  Mollusca  from  these  gravels  are  living  in 
is  district  at  the  present  day.  A  few  are  locally  extinct.  Of  these 
»me  are  confined  to  the  north  and  some  to  the  south  of  England, 
hilst  some  have  disappeared  from  the  British  Isles  altogether. 
)me  of  the  Mammals,  but  none  of  the  Mollusca,  are  totally  extinct 
The  shell  which  seems  to  indicate  the  greatest  change  of  con- 
tions  is  the  Corbtcula  {Cyrena)  fluminalisj  Miill. 
It  lives  at  the  present  time  in  Sicily,^  in  the  rivers  of  Asia  Minor 
id  Syria  and  in  the  Nile.  It  seems  to  have  made  its  first  appear- 
loe  in  Britain  in  the  time  of  the  deposition  of  the  Norwich  Crag, 
om  which  it  is  described  and  figured  by  Mr.  Searles  Wood,*  as 
\frena  consohrina.^ 

It  is  recorded  from  the  Weyboum  Crag  and  from  the  Forest  Bed. 
I  the  north  of  England  it  is  found  in  the  gravels  of  the  Huraber, 
'  Eelsea  Hill,  and  Hessle ;  in  the  basin  of  the  Thames  and  the 
Ijoining  district  of  Essex  it  has  been  recorded  from  Suttonness, 
lacton-on-Sea,  Copford,  Greys,  Ilford,  Erith,  and  Crayford,  Faver- 

1  Geol.  Eng.  and  Wales,  H.  B.  Woodward,  2nd  edition,  p.  478. 

2  S.  V.  Wood,  **  The  Crag  Mollusca,"  vol.  ii.  p.  104,  tab.  11,  fig.  16. 
»  Tylor,  Q.J.G.S.  vol.  xxv.  1869,  p.  66. 
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Bliam  and  Hecalvers,  and  by  Prof.  Prestwich^  from  Sammertown 
near  Oxford,  It  also  occurs  in  the  gravels  of  the  basin  of  the  Cam 
and  Ouse.  It  occurs  in  Belgium  and  in  France  in  the  ancient 
alluvium  of  the  Seine  and  Somme.  This  therefore  appears  to  be  a 
southern  shell,  which  had  formerly  a  more  northern  range. 

The  six  following  shells  are  extinct  in  Britain,  but  most  of  them 
have  a  wide  range  in  Europe  and  Asia : — 

Unio  Utoralis,  Lamk.,  is,  according  to  Moquin  Tandon,'  found  in 
almost  all  the  rivers  of  France.  Eobelt  records  it  also  from  Spain, 
Morocco,  and  Algeria. 

Unio  pictorum,  var.  limosa.  Nils.,  according  to  Moquin  Tandon, 
occurs  in  almost  all  the  rivers  and  brooks  of  Northern  France. 

Eydrobia  marginatOf  Mich.,  lives  in  France,  says  the  same  author, 
on  dead  leaves  under  water  and  on  aquatic  plants  at  Var,  Yaucluse, 
L'Aveyron,  the  Haute  Garonne  and  the  Jura. 

Helix  (Fruticicola)  fruticum^  Mull.,  is  found  all  over  Europe  with 
the  one  exception  of  England.  It  ranges  as  far  north  as  St.  Peters- 
burg.' Moquin  Tandon^  says  that  it  is  found  over  almost  all  northern 
and  central  France,  but  that  it  does  not  occur  in  the  southern  part. 

Miss  Esmark  records  it  from  North  and  South  Norway,  Sweden, 
and  Finland.  She  says,  '^  It  is  not  very  common,  but  plentiful  where 
it  occurs."  *  I  am  told  by  Mr.  Cooke  that  it  occurs  also  in  North- 
West  and  East  Siberia  and  the  Altai  Baikal  district 

Patula  ruder ata,  Studer,  has  a  very  wide  range.  Kobelt  records 
it  from  the  Caucasus,  Europe,  Northern  Africa,  and  the  whole  of 
Western  Asia.  Jeffreys  from  Kamschatka,  South  Bussia  and  Austria, 
and  North  Japan.^  Clessin  says  that  it  lives  in  the  mountainous 
parts  of  Germany  and  in  the  Alps.  Moquin  Tandon  says  it  is  found 
under  stones  and  dead  leaves  in  the  Jura.  Miss  Esmark  records  it 
from  Norway,  Sweden,  and  Finland,  and  remarks  that  it  is  '*  one  of 
our  most  common  species,  which  goes  as  well  to  the  far  north  as  on 
our  highest  mountains,  wherever  it  is  possible  for  any  Molluscs  to 
live." '  Mr.  Cooke  informs  me  that  it  is  found  also  in  West  and 
East  Siberia,  Amurland,  North  China,  Japan  ?  and  North  Persia. 

Clausilia  pumila,  Ziegler,  is,  according  to  Clessin,*  distributed  over 
a  great  part  of  Germany,  but  is  most  common  in  the  North.  Its 
range  is  eastward  to  the  Siebenbiirgen ;  southward  to  Croatia ; 
northward  to  Livland  and  Sweden ;  it  finds  its  western  limit  in 
Germany,  and  does  not  occur  in  England  except  as  a  fossil. 

It  has  hitherto  been  recorded  from  the  gravels  of  Cambridge  as 
C.  hiplicata,  but  Mr.  B.  B.  Woodward "  has  shown  that  all  the 
shells  referred  to  that  species  are  really  the  C.  pumila  of  Ziegler. 

»  Geol.  Mao.  n.b.  Vol.  IX.  1882,  p.  49.  '  Hist.  Nat.  des  Mollusques. 

'  Clessin,  Deutsche.  Excurs.  MoUusken-Famia,  p.  166. 

•  Op.  cit.  vol.  ii.  p.  198.  *  Esmark,  Joum.  Conch,  vol.  v.  pp.  106,  126. 

•  Jetf.  Brit.  Concn.  vol.  v.  Supplement,  p.  168. 

'  Joum.  Conch,  vol.  v.  p.  104.  ®  Op,  eit,  p.  312. 

•  Since  this  paper  was  sent  to  press  a  valuable  communication  has  been  made  by 
Mr.  Woodward  to  the  Geol.  Assoc.  (March  2,  1888)  on  the  shells  of  the  Barnwell 
Gravel,  founded  chiefly  on  Mr.  Bewick's  Collection.    Sphariutn  lacusire  has  been 

tied  above  on  his  authority. 


Mr 
^    On 
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There  are  also  in  the  gravels  described  some  six  or  eight  shells 
which  we  do  not  now  iind  in  the  neighbourhood  of  Cambridge, 
bat  which  occur  elsewhere  in  the  British  Isles. 

Succinea  oblonga^  Drap.,  is  mentioned  by  Gwjn- Jeffreys  ^  as  rare 
in  Wales,  Scotland  and  Ireland  and  in  England  is  recorded  from 
Braunton  Burrows  in  Devonshire  only.  Its  habitat  is  "  dry  ditches 
near  the  sea-coast'' 

Helix  {Anchistoma)  obvoltUa,  Miill.  This  shell,  says  Jeffreys, 
lives  on  stumps  and  at  the  roots  of  trees  in  woods  in  Hampshire.  Da 
Costa  and  Taylor  give  it  a  somewhat  wider  range  in  the  south  of 
England,  mentioning  also  Surrey  and  West  Sussex. 

Jeffreys  observes  that  it  occurs  in  France,  Germany,  Switzerland, 
and  Lombardy,  but  that  it  does  not  seem  to  inhabit  the  extreme 
north  and  south  of  Europe.' 

Clessin  says  that  it  is  less  common  in  the  north  than  in  the  south 
of  Germany,  and  he  records  it  also  from  Bohemia.'  This  occurrence 
of  H.  obvoluta  in  the  gravels  shows  that  it  is  not  a  form  now 
advancing  from  the  south,  but  is,  on  the  contrary,  a  species  which  is 
dying  out  in  England,  but  still  survives  in  the  south. 

Hdix  (Acanthinula)  lamellaiaf  Jeff.,  is  now  found  only  in  the 
north  of  England,  Anglesey,  north  and  west  of  Scotland,  Ireland, 
Sweden.  Clessin  *•  records  it  from  North  Germany.  In  this  shell 
we  have,  in  contrast  to  the  last-mentioned  species,  an  example  of 
a  form  which  has  become  extinct  in  the  south  of  England,  but  is 
still  fairly  plentiful  in  the  north. 

Vertigo  angtistior,  Jeff.  The  habitat  of  this  rare  shell  is  "  in  the 
roots  of  grass  in  marshy  ground."  Jeffreys  found  it  near  Swansea 
and  in  the  rejectamenta  of  the  river  Avon  at  Bristol.  He  records  it 
from  Tenby,  Battersea  Fields,  and  Ireland,  the  north-east  and  south 
of  France,  Germany,  Switzerland,  and  from  Lugano  in  Italy.* 

Mr.  Charles  Ashford,  who  kindly  examined  a  specimen  which 
I  had  discovered  at  Barnwell,  found  on  comparing  it  with  recent 
Vertigo  pusilla  in  his  collection  from  Yorkshire,  that  amongst  them 
was  one  undoubted  Vertigo  angustior  which  he  had  hitherto  over- 
looked. I  have  found  it  in  Westmoreland  also.  Miss  Esmark 
records  it  from  South  Norway  and  Sweden.* 

Possibly  the  following  species  did  not  appear  in  England  till  after 
the  deposition  of  these  gravels. 

Helix  {Fruiicicola)  cantiana,  Mont,  does  not  seem  to  occur  in  the 
gravels.  It  is  very  common  round  Cambridge  at  the  present  time, 
and  is  found  in  the  north  and  south  of  England,  but  not  in  Scotland 
or  Ireland.  It  lives  in  France,  Belgium,  parts  of  Germany,  Italy, 
lUyria,  and  Sicily. 

It  is  doubtful  whether  Helix  {Fruiicicola)  rufescens,  Pennant,  is 
found  in  the  gravels.     It  is  now  widely  distributed  over  England, 
and  occurs  in  Ireland,  but  not  in  Scotland. 
Helix  aspersn,  Miill.,  is  not  recorded  from  any  of  the  localities 


*  Brit.  Conch,  vol.  i.  p.  164. 

*  Deutscb.  Exc.  Moll. -Fauna,  p.  134. 

*  Brit.  Conch,  vol.  i.  p.  266. 


'  Op.  cit,  p.  230. 
*  Op.  cit.  p.  129. 
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given  in  the  list,  nor  oan  I  £nd  mention  of  it  from  similar  graTels 
elsewhere. 

Mr.  Oloyne  in  his  paper  on  the  Geographical  Distribution  of  the 
MolluBca,^  says,  "  Edix  aspersa  attains  a  much  larger  size  in  Italy 
than  in  England.  It  is  very  difficult  to  believe  that  so  abundant 
a  British  species  has  been  introduced ;  but  judging  from  the  reduced 
size  of  English  specimens,  England  would,  to  say  the  least,  not 
appear  to  possess  the  most  favourable  climate  for  this  mollusc.*' 

Jeffreys  says,  **  It  does  not  appear  to  inhabit  the  north  of  Europe, 
nor  Germany  .  .  .  but  its  range  extends  southwards  through  France 
to  Sicily,  as  well  as  to  Spain,  Algeria,  and  the  Azores.' 

It  occurs  also  in  many  widely  separated  parts  of  the  world  to 
which  it  is  known  to  have  been  artificially  introduced.  As,  for 
instance,  Mauritius,  S.  Australia,  Valparaiso,  Bio  in  Brazil,  and 
sea-ports  along  the  east  coast  of  N.  America.  The  only  evidence  we 
have  bearing  upon  the  time  of  its  first  appearance  in  Britain  is  its 
plentiful  occurrence  in  the  Boman  rubbish  pits  at  Ghesterford  and 
elsewhere  about  Cambridge  at  such  a  depth  and  in  such  a  manner 
as  to  preclude  the  possibility  of  its  having  got  in  subsequently.' 

Helix  y  pomaiiaf  Linn.,  which  lives  now  in  the  neighbourhood 
of  Shelford,  has  not  been  found  in  any  of  these  gravels,  and  I  have 
never  noticed  it  among  the  Boman  remains  of  this  district,  even 
where  shells  of  J?,  aspersa  appear  to  have  been  thrown  in  in  large 
quantities. 

Helix  (Arionta)  arhvstomm,  Linn.,  is  now  found  with  Helix 
(Tachea)  nemoralia  in  the  Grantchester  woods.  It  also  lives  under 
the  willows  close  to  the  river,  and  is  seldom  found  far  from  the 
water.  A  few  days  ago  I  noticed  numbers  of  shells  of  this  snail 
freshly  broken  by  birds  lying  round  the  stones  on  which  they  had 
been  smashed,  all  along  the  bank  of  the  ditch  near  the  bathing 
sheds  on  Goe  Fen.  This  species  is  extremely  common  in  the  gravels 
of  Barnwell  Abbey  and  Grantchester.  It  probably  found  a  hiding- 
place  as  at  present  under  willows,  of  which  remains,  as  we  have  seen 
above,  occurred  so  abundantly  in  one  part  of  the  pit  at  Barnwell 
Abbey. 

Cyclostoma  elegans,  Miill.  I  have  found  one  specimen  of  this 
shell  undoubtedly  in  the  Mammalian  gravel  of  Barrington.  It  does 
not  now  live  in  the  immediate  neighbourhood  of  Gambridge.  I  found 
quantities  of  dead  shells,  many  with  the  operoula  in  place,  several 
feet  from  the  surface,  in  a  tumulus  of  pre-Boman  date,  at  Upper 
Hare  Park,  near  Six  Mile  Bottom. 

It  appears,  therefore  (see  pp.  203 — 204)  that  among  the  shells  of 
the  Gambridge  gravels  we  have  no  fewer  than  6  species  which  are 
no  longer  found  in  Britain.  Several  species  which  I  have  mentioned 
(see  p.  205)  have  been  found  in  the  gravels,  but  have  now  disappeared 
from  this  district,  though  they  occur  in  other  parts  of  England,  and 
some  species  which  are  common  near  Gambridge  at  the  present  time 
are  absent  from  the  gravels  (see  p.  205). 

*  Journ.  Conch,  vol.  i.  p.  289.  '  Brit.  Conch,  vol.  i.  p.  182. 

^      '  See  also  B.  £.  Woodward,  Science  Goaei]^,  May,  1883,  pp.  115,  237. 


';«.'  M«y  1888. 


neoadem  VolYHI'/li 


\  1  e  te.  r  a.  s  tr  se  a, . 
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It  will  be  seen,  also,  that  of  the  locally  extinct  Mollusca,  as  in  the 
oase  of  the  Mammalia,  some  are  distinctly  northern,  some  southern 
forms,  and  some  have  an  extensive  range  from  north  to  south.  Con- 
sidering the  wide  distribution  of  the  forms,  both  extinct  and  living,  it 
is  not  safe,  without  taking  into  account  the  habitat  and  range  of  every 
Bpeoies,  to  generalize  upon  the  climatal  conditions  of  the  age.  The 
ooUeotive  evidence  which  we  gain  from  the  Mollusca  as  to  the 
climate  of  the  period  is  more  reliable  than  that  offered  by  the  Mam- 
malia, because  the  various  northern  and  southern  Mammals  could 
migrate  to  and  fro  with  the  changing  seasons ;  but  the  molluscs 
once  having  found  their  way  to  a  locality  would  remain  there  until 
they  were  slowly  driven  away  by  unfavourable  conditions.  The 
two  shells  of  most  pronounced  southern  origin,  Corbicida  fluminalis 
and  Unto  liloralis,  being  fresh- water  forms,  would  not  be  affected  by 
changes  of  temperature  so  soon  as  land-shells. 

With  regard  to  geographical  changes,  the  whole  gravel  fauna  seems 
to  point  to  continental  conditions,  when  Europe  was  connected 
with  Africa,  and  England  was  united  with  France  and  Belgium* 
The  formation  of  the  British  Channel  would  put  an  end  to  the 
migration  of  the  larger  animals,  and  would  cut  off  the  species,  which 
had  here  reached  their  furthest  limit,  from  the  region  of  their  greatest 
development  These  species,  being  thus  isolated,  would  in  time 
give  way  to  the  more  vigorous  forms,  which  were  better  fitted  to 
their  surroundings,  and  would  not  be  affected  by  such  changes. 

n. — On     HsTERASTRJBAy     A     MEW     GeNUS    OF    MaDBSPOBABIA    FBOM 

THE  LowEB  Lias. 

By  Robert  F.  Tomes,  Esq. 

(PLATE  VII.) 

DURING  the  interval  of  ten  years  which  has  elapsed  since  my 
paper  on  Liassic  Madreporaria  was  read  at  one  of  the  meetings 
of  the  Geological  Society,  a  great  many  specimens  of  Liassic  Isastraa 
and  Septastraa,  chiefly  from  the  Vale  of  Evesham,  have  come  into 
my  hands,  and  with  this  abundance  of  material  I  have  examined 
anew  the  several  species,  and  have  arrived  at  the  results  contained  in 
the  present  communication.^  When  making  these  examinations,  I 
bave  been  invariably  struck  with  the  absence  of  a  distinct  and  well- 
lefined  basal  wall  and  epitheca.  Further  observation  also  showed 
that  these  Liassic  forms  differed  from  other  Isaatraa  in  having 
xxsasional  elongated  calices,  like  those  of  Latimaandra.  With  the 
latter  genus  some  of  the  Liassic  Isastraa  were  supposed  (though  as 
it  now  appears  erroneously)  to  hold  a  near  relationship,  and  one 
species  received  the  (at  that  time)  appropriate  specific  natne  lati- 
naandroidea.  With  this  the  supposed  resemblance  ended ;  for 
gemmation,  which  in  Latimaandra  is  calicinal,  was  found  to  be  always 
marginal   in   the  Liassic  forms.'     Fuller  investigation  brought  to 

^  More  than  seTenty  specimens  have  been  examined  and  contributed  to  the  results 
made  known  in  this  paper. 

'  It  has  become  necessary  that  gemmation  in  the  genus  Isastraa  should  receiye 
forUier  attention.    It  has  been  variously  stated  both  by  Prof.  Dimcan  and  by  me  to 
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light  other  characters.  A  great  development  of  endotheoal  Btmctnre 
BOtnetimes  almost  filled  up  the  loculi,  and  the  walls  of  the  coralliteB 
were  observed  to  be  of  great  thickness.  Horizontal  sections  gave 
the  proper  interpretation  of  these  thickened  walls,  and  it  was  often 
seen  that  there  was  not  only  a  fine  line  where  the  walls  of  the  coral- 
lites  came  in  contact,  but  that  there  was  occasionally  a  visible 
interval  between  them.  In  this  particular  they  resembled  Septastraa, 
while  at  the  same  time  their  increase  was  by  gemmation.  Closer 
observation  revealed  the  fact  that  there  was  both  gemmation  and 
fissiparit}*^  in  nearly  all  the  species  examined ;  and,  in  a  word,  that 
they  possessed  characters  which  were  inconsistent  with  both  I»a$traa 
and  Septastraat  and  formed  a  group  of  themselves. 

Before  proceeding  to  define  the  characters  of  the  group  above 
indicated,  I  take  the  opportunity  of  making  some  remarks  which 
bear,  though  only  generally,  on  the  species  under  consideration. 

Having  repeatedly,  both  on  former  occasions  and  in  the  present 
communication,  followed  Milaschewitsch  in  the  use  of  a  word  which 
is  rendered  in  English  by  the  word  rejuvenescence,  I  am  induced  to 
give  the  following  explanation  of  the  pmcess,  because  it  is  absolutely 
necessary  that  there  should  be  a  very  clear  conception  of  its  impor- 
tance in  one  of  the  genera  of  which  I  shall  speak.  That  genus  is 
Elysastraa.  That  it  is  not  merely  intermittent  growth,  and  that  it  is 
not  gemmation,  has  been  most  clearly  shown  by  Milaschewitsch,  but 
what  really  gives  rise  to  it  has  not  been  explained  by  him.  It  was 
certainly  noticed  by  Ehrenberg,  and  was  long  ago  known  to  Dana, 
though  he  does  not  appear  to  have  fully  understood  its  nature.  In 
the  third  volume  of  the  American  Journal  of  Science  (second  series) 
he  speaks  as  follows  : — 

"  In  some  Cyathophyllidae  the  process  of  death  goes  on  inter- 
ruptedly, as  explained  by  Ehrenberg.  The  tissues  of  the  polyp 
disappear  at  intervals  from  the  sides  of  the  corallum,  or  become  dead, 
leaving  a  row  of  unoccupied  cellules ;  then  the  animal  goes  on  to 
increase  from  its  contracted  size,  without  refilling  the  oellules ;  the 
corallum  consequently  becomes  covered  with  encircling  ridges,  or 
appears  as  if  formed  of  a  series  of  inverted  cones.  In  some  cases, 
as  in  the  species  referred  to  the  genus  StromhodeSy  the  living  portion 
becomes  retracted  at  intervals  to  the  very  centre,  all  the  rest  dying, 
and  afterwards  the  animal  grows  again  and  spreads  to  its  original 

take  place  'within  the  calice,  as  well  as  on  the  margin  of  the  wall  which  surroonds  it. 
Thus  in  the  descriptions  of  Isastraa  endothecata  and  /.  latimaandroidea.  Prof. 
Duncan  says  it  is  marginal  (**on  the  margin*'  are  the  words  made  use  of  in  the 
description  of  the  latter  speciesV  More  recently,  however,  he  has  asserted  that  *'  the 
gemmation  of  Jsastraa  certainly  does  not  take  place  between  the  walls  of  corallites, 
but  within  the  calicular  margin ;  it  is  between  the  margin  and  the  centre  of  the 
calice."  I  am  not  aware  that  it  has  ever  been  spoken  of  as  occurring  between  the 
walls,  though  I,  as  well  as  Prof.  Duncan  himself,  nave  spoken  of  it  as  occurring  both 
inside  the  ealice  and  on  the  margin  of  the  wall,  MM.  Milne  Edwards  and  Haime 
(Bist.  Kat.  Coral,  vol  ii.  p.  6*26)  speak  of  it  in  these  words,  **  Les  polypierites  se 
multiplient  par  gemmation  calicinale  et  submarginale/'  while  M.  de  ^romentel  says 
it  is  **submarginale.'*  The  present  communication  by  removing  the  Liassic  species 
horn  the  genus  Isastraa  altogether,  will  materially  lessen  the  difficulty  of  future 
classidcation. 
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diameter,  and  thus  it  forms  aotuallj  one  low  inverted  cone  upon 
another.  This  peouliarity  (probahly  an  occasional  result  of  the 
exhaustion  which  follows  reproduction)  cannot  properly  be  con- 
sidered a  generic  distinction." 

In  bis  **  Structure  and  Classification  of  Zoophytes,"  page  65,  after 
speaking  of  the  process  of  dying  or  removal  below,  he  says,  **  It  is 
obvious  from  the  preceding,  that  the  polyp,  which  is  the  germ  of  a 
compound  Zoophyte,  loses  its  identity,  and  cannot  be  said,  in  any 
proper  sense,  to  have  the  long  life  which  is  attributed  to  the  full 
grown  Zoophyte  itself;  or  else  we  might  have  among  the  huge 
Astra&as  of  the  Red  Sea,  polyps  that  were  contemporaries  with  the 
builders  of  the  Pyramids."  The  polyp,  however,  "  which  is  the 
germ  of  a  compound  Zoophyte,"  may  lose  its  identity,  and  most 
likely  does,  by  the  process  of  gemmation,  but  not  by  rejuvenescence, 
which  under  no  circumstances,  as  explained  by  Milaschewitsch, 
increases  the  number  of  corallites,  and  it  is  certainly  rejuvenescence, 
of  which  Dana  was  then  speaking. 

It  is  when  the  contraction  of  the  polyp  takes  place  very  irregularly, 
that  the  true  nature  of  the  process  becomes  most  easily  determined. 
If  the  shrinking  of  the  soft  tissues  of  the  polyp  is  wholly  on  one  side, 
and  very  great  in  degree,  so  that  the  visceral  cavity  is  drawn  out 
of  the  centre  of  the  calice,  then  the  constricted  side  of  the  animal 
will  be  lifted  out  of  the  loculi  in  the  process,  but  that  side  which 
has  undergone  no  such  contraction  may  be  very  little  interfered 
with.  In  such  a  case  entirely  new  septa  will  be  formed  on  one 
Bide  of  the  now-expanding  calice,  while  on  the  other  side,  no  new 
ones  will  be  produced,  nor  indeed  needed,  the  old  ones  being  still 
in  actual  use.  The  contraction  may,  however,  be,  and  it  often  is, 
just  sufficient  to  leave  vacant  only  those  loculi  which  have  been 
formed  by  the  later  developed  septa,  and  then  there  will  be  the  full 
number  of  cycles  on  one  side,  while  on  the  other  the  primary  septa 
only  will  be  present. 

As  observed  by  Dana,  rejuvenescence  is  not  of  generic  importance, 
and  he  might  have  said  that  it  had  no  specific  value,  in  which 
respect  it  differs  widely  from  gemmation,  which  has  not  only  specific 
bat  great  generic  value. 

The  Madreporaria  of  the  Trias  are  very  little  known  in  this 
country,  and  beyond  a  few  species  which  occur  in  the  Sutton  Stone 
of  the  Glamorganshire  coast,  we  have  to  refer  chiefly  to  Laube*s 
descriptions  and  figures  of  the  St.  Cassian  species.  An  examination 
of  the  compound  genus  Elysastraa  reveals  a  very  curious  septal 
arrangement.  This  I  will  now  proceed  to  consider,  and  it  will  be 
desirable  that  I  should,  in  the  first  place,  quote  from  Laube  some 
part  of  his  generic  description.  He  says  that  gemmation  takes 
place  within  the  calice,  and  resembles  that  of  Heliasiraa}  He  then 
goes  on  to  state  that  the  young  individual  separates  itself  by  a  little 

*  MM.  Milne  Edwards  and  Haime  define  the  budding  in  Heliastraa  in  the 
following  words :  **  Les  nouveaux  individus  produits  par  bourg^onnement  se  raontrent 
dans  les  differents  espaces  intercalicinaux.^'  Probably  gemination  in  Elysa»tr<Ba 
also  took  place  in  the  mtercalicular  spaces. 
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wall  by  which  the  calice  acquires  the  appearance  as  if  a  doable  wall 
were  present,  as  in  the  Palseozoic  genus  Acervularia,  By  degrees 
the  margin  extends  itself,  until  it  blends  with  the  thick  surrounding 
margin  of  the  older  calice.  Laube's  figure  illustrates  the  process 
above  described.  But  both  description  and  figiires  will  apply  with 
greater  accuracy  to  rejuvenescence  than  to  calicinal  budding,  whidi 
process  in  Acervnlariay  to  which  that  of  Elysastraa  has  been  likened 
by  Laube,  is  a  process  of  multiplication,  and  in  neither  his  description 
nor  in  the  figure  is  there  the  slightest  indication  of  an  increase  in 
the  number  of  the  corallites  by  calicinal  budding.  On  the  contrary, 
there  are  many  small  calices  appearing  amongst  the  larger  ones,  just 
as  they  would  appear  were  they  the  result  of  marginal  instead  of 
calicinal  gemmation. 

Prof.  Duncan,  in  describing  the  South  Wales  Elysastrats,  says  that 
the  budding  is  extracalicular,  but  that  the  bud  probably  has  its 
origin  in  the  centre  of  a  corallite.  No  evidence  is  however  adduced 
in  favour  of  the  latter  supposition.  None  of  my  specimens  from  the 
Sutton  Stone  exhibit  the  budding  process  as  it  is  shown  in  Prof. 
Duncan's  figures,  t.e.  between  the  corallites ;  but  they  have  rejuve- 
nescence just  as  in  Laube's  figure.  The  young  calices  between  the 
old  ones  in  Prof.  Duncan's  figures  are  just  such  as  would  proceed 
Ox)ra  marginal  gemmation  in  a  genus  in  which  the  corallites  are 
imperfectly  united  by  their  walls,  and  I  have  little  doubt  but  that 
gemmation  in  Elysastraa  is  marginal,  as  it  is  in  the  so-called  Liassic 
IsastratB. 

The  nature  of  the  endotheca  in  the  South  Wales  Elysasfraa  is 
very  apparent  and  closely  resembles  that  of  the  forms  which  1  now 
bring  together  under  the  name  of  Heierastraa,  in  all  of  which,  I 
may  here  observe,  it  is  so  very  similar,  that  I  do  not  find  that  it 
affords  even  so  much  as  a  specific  difference.  Vertical  sections  show 
how  very  similar  it  is  in  the  several  species. 

There  are  some  of  the  species  which  have  occasional  calices  which 
are  almost  as  free  on  the  calicular  surface  of  the  corallum  as  those 
of  Elyaastrcea.  Isastraa  Murchisoni  is  one  of  these,  and,  as  men- 
tioned by  Prof.  Duncan,  some  of  the  corallites  are  so  much  elevated 
above  the  others  that  there  is  **  a  faint  trace  of  a  subsequent  growth 
of  wall,"  by  which  I  presume  it  is  meant  that  there  is  an  addition 
made  to  the  wall  after  it  has  been  formed.  As  will  be  hereafter 
mentioned  when  speaking  of  the  species,  there  is  also  rejuvenescence 
in  Isastraa  Murchisoni,  as  there  is  in  Elysastraa, 

Bearing  in  mind  all  the  foregoing  considerations,  I  have  arrived 
at  the  conclusion  that  there  is  a  rather  near  relationship  between  the 
Triassic  genus  Elysnatraa  and  the  so-called  Liassic  Isastraa  and 
Septastratty  and  that  the  latter  are  one  and  the  same  generically,  and 
quite  distinct  from  the  later  Secondary  Isastraa  and  the  Tertiary 
Septastraa.  The  genus  into  which  I  now  propose  to  place  the 
following  species,  I  name  and  define  as  follows : — 

Hetbrastilsa,  nov.  gen. 
The  corallum  is  composite  and  massive,  and  the  corallites  are 
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nnited  by  their  walls,  bnt  the  union  is  often  incomplete,  and  the  line 
of  contact  frequently  visible. 

There  is  an  occasional  trace  of  a  common  or  basal  wall,  with  a 
rudimentary  pellicular  epitheca,  both  of  which,  however,  are  very 
often  wanting. 

The  endotheca  consists  of  dissepiments  which  are  not  vesicular, 
but  flat  and  more  or  less  tabular,  and  there  are  occasionally  distinct 
tabulae,  many  of  them  passing  quite  across  from  wall  to  wall  of  the 
oorallite,  forming  a  level  floor  to  the  calice. 

Increase  takes  place  by  gemmation,  which  is  strictly  marginal,  and 
never  calicinal,  and  by  fissiparity,  which  is  first  indicated  by  the 
elongation  of  the  dividing  calicos,  followed  by  the  appearance  of 
two  or  more  fossulsB,  which  are  finally  divided  from  each  other  by 
the  union  of  two  elongated  septa. ^ 

The  prevalence  of  gemmation  over  fissiparity,  or  the  reverse, 
exercises  a  decided  influence,  not  only  over  the  shape  of  the  calices, 
but  also  to  some  extent  over  the  general  contour  of  the  coralluni. 
The  elevation  of  budding  calices  above  the  level  of  the  surrounding 
ones  tends  to  produce  a  more  gibbous  surface  than  does  the  division 
of  the  calices  by  fission,  and  the  conformation  of  the  corallum  is 
modified  accordingly.  This  will  be  further  noticed  when  I  speak  of 
the  species,  which  I  shall  now  proceed  to  do,  first  enumerating 
those  which  I  have  not  had  the  opportunity  of  examining.  They 
are : — Isastraa  intermedia,  De  Ferry ;  I.  excavata,  De  Ferry ; '  I. 
hasaltiformis,  Fromentel ;  J.  Orbignyi,  Chap,  et  Dewal. ;  J.  Condeana, 
Chap,  et  Dewal. ;  I.  Moreneyana,  Terq.  et  Piette ;  I.  ?  Eenacquei,  Ed. 
et  Haime  ;  and  Latimaandra  denticulata,  Duncan,  all  of  which  have 
been  stated  to  occur  in  the  Lower  Lias. 

HETEBASTBiBA    MuBOHISONI,    Wright    Sp. 

Itastraa  Murehisoni,  Dune,  Supp.  Brit.  Foss.  Cor.  pt  it.  p.  41,  pi.  xi.  figs.  1-4. 

The  only  example  of  this  remarkable  species,  from  the  Isle  of 
Skye,  to  which  I  have  access,  is  small  in  size,  and  has  but  little 
calicular  surface.  Yet,  small  as  it  is,  it  has  marginal  gemmation, 
and  elongated  calices  which,  having  more  than  one  fossula,  with  an 
indication  of  dividing  septa  between  them,  aflbrds  indubitable 
evidence  of  fissiparity.  Prof.  Duncan  says,  "  There  is  often  a  ridge 
between  the  margin  of  the  calice  and  the  centre,  indicating  calicinal 
gemmation,  but  the  gemmation  usually  takes  place  at  the  margin, 
and  there  is  no  fissiparity."  The  ridge  here  mentioned  has  nothing 
to  do  with  gemmation,  but  is  merely  the  commencement  of  rejuve- 
nescence, cmd  in  one  calice  of  my  specimen  it  has  proceeded  so  far  as 

*  It  is  necessary  to  notice  here  a  variation  in  the  process  of  splitting  that  takes 
place  in  different  calices,  or  even  in  the  same  calice.  The  two  opposite  and  approach- 
injf  septa  do  not  always  meet  and  make  the  division  until  a  new  calice  has  been 
actually  formed,  and  it  is  common  for  two  or  three  lossulu)  to  make  their  appearance 
in  a  long  calice  with  only  some,  or  even  without  any,  dividing  septa.  When  this  is 
the  case,  there  is  some  resemblance  to  Latimaandra.  However,  the  septa  always 
become  elongated  sooner  or  later,  and  fissiparity  is  then  complete.  M.  de  Fromentel 
gires  a  good  account  of  the  process  in  his  description  of  the  so-called  Septaitraa 
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to  have  given  rise  to  a  smaller  oalice  within  the  larger  one»  which  has 
a  considerable  degree  of  prominence,  and  bears  an  extremely  close 
resemblance  to  some  of  the  corallites  represented  in  the  upper  part 
of  Laube*s  figure  of  Elysaatraa  Fischeri. 

I  have  met  with  two  ill-preserved  specimens  of  a  coral  which 
resembles  this  species  in  the  size  and  openness  of  the  calices,  the 
one  from  a  gravel-pit  at  Charlton,  near  Evesham,  and  the  other  from 
the  zone  of  Ammoniiea  angulaius,  near  the  village  of  Church  Lenob, 
a  few  miles  north-west  of  Evesham. 

Hetebastb2ba  Eveshahi,  Dune.  sp.     PI.  YII.  Fig.  3. 
SeptattrcM  Bvtthami,  Dune,  Supp.  Brit.  Foss.  Cor.  pt.  iv.  p.  52,  pi.  xiii.  figs.  5-7. 

By  the  kindness  of  my  friend  the  Bev.  P.  B.  Brodie,  the  type- 
specimen  of  this  species  is  now  before  me.  The  calicos,  which  are 
in  process  of  division,  or  have  already  undergone  that  operation,  are 
conspicuous  over  the  whole  upper  surface  of  the  corallum,  but  gem- 
mation, though  apparent  and  marginal,  is  not  frequent ;  nor  is  it 
common,  though  well  marked,  in  other  specimens  of  this  species  in 
my  collection. 

It  is  a  distinct  species,  and  in  some  examples  the  specific  characters 
are  even  more  typically  developed  than  in  the  type  itself.  They  are 
all  more  or  less  flabelliform,  but  they  present  every  degree  of 
inclination  from  a  nearly  vertical  to  a  horizontal  position.  The 
finest  specimen  yet  met  with  has  the  form  of  a  regularly  oval 
plate,  ten  inches  long,  and  not  more  than  an  inch  in  thickness.  It 
was  attached  by  a  broad  space  near  one  end  of  the  under  side, 
which  is  flat.  The  calicular  surface  is  horizontaL  Fissiparity 
occurs  over  the  whole  of  the  latter  part,  but  gemmation  is  by  no 
means  common,  though,  where  it  appears,  it  is  unmistakeable.  This 
specimen  was  taken  from  a  quarry  near  to  Prior's  Cleeve,  about  ^ve 
miles  north-east  of  Evesham,  and  its  place  in  the  Liassic  beds  will 
be  best  explained  by  the  following  section  : — 

Ft.         IM. 

1  Surface  soil  with  pebbles,  about 2        0 

2  Light-coloured  clays 11        6 

3  Black  laminated  snale  with  fragments  of  shells  and  Echinoderms, 

and  a  speamen  ot  Heterastraa  £veahami    3  6 

4  Indurated  dark  grej  shale 0  3 

5  Laminated  stone  with  ^fftmont/M /7/a»or^t«  and  insect  remains  ...  0  6 

6  Laminated  shale    3  3 

7  Laminated  stone    0  7 

8  Laminated  shale,  the  upper  and  lower  parts  of  which  are  lieht  in 

colour,  and  the  middle  black.  The  latter  is  a  mud  deposit 
and  contains  the  joints  of  Fentaerinites,  Cidaris  spines,  and 
comminuted  shells 3        3 

9  Laminated  stone,  with  ^m. /^/anor^tf 0        3 

10  Laminated  shale    0        7 

11  Laminated  stone   0        6 

26        2 

12  Laminated  shale,  beneath  which  is  the  Ostnea  bed,  depth  not 

ascertained. 

I  have  also  obtained  the  present  species  from  Binton,  about  four 
or  Bve  miles  west  of  Stratford-on-Avon,  where  it  was  associated 
with  Ammonites  angvXaius. 
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Hetkbastbjba  Fromentelt,  Terq.  et  Piette  sp.    PI.  VII.  Fig.  4. 

BtpttutrtBa  FronunUliy  Terq.  et  Piette,  Lias  Tnf.  de  TEst  de  la  France,  etc. 
,  DuncaOi  Supp.  Brit.  Fobs.  Corr.  pt.  iv.  p.  37,  pi.  xi.  fig.  5. 

The  example  of  a  supposed  Septaatraa  which  was  found  in  the 
railway  cutting  at  Harbury,  and  mentioned  by  Prof.  Duncan,  as 
above,  has  been  submitted  to  me  by  my  friend  Mr.  Brodie,  in  whose 
collection  it  is,  and  a  comparison  has  been  made  between  it  and 
other  allied  species.  Two  contiguous  calicos  of  this  specimen  are 
very  remarkable,  for  on  the  margin  of  one  there  is  gemmation, 
while  the  other  is  divided  in  half  by  the  process  of  fissiparity.  In 
no  other  species,  or  specimen,  have  I  seen  the  two  processes  so 
closely  associated  or  so  obvious.  Fissi parity  is  however  much  more 
frequent  than  gemmation  in  this  specimen. 

As  I  have  only  had  the  opportunity  of  examining  English 
specimens  of  this  species,  my  observations  must  be  understood  to 
apply  to  them  exclusively,  though  I  have  no  doubt  that  the  French 
and  English  specijnens  are  of  one  species. 

HETRRASTBiEA  Stricklandi,  Dunc.,  sp.     PI.  VII.  Fig.  8. 

Itattraa  Striehlandiy  Dime,  Supp.  Brit.  Fos.  Cor.  pt.  iv.  p.  54,  pL  viii.  figs.  1-4. 

The  type-specimen  of  this  species  was  obtained  by  Mr.  Strickland 
from  the  clay-pit  of  the  Chadbury  brickyard,  from  which  excavation 
a  considerable  number  of  specimens  of  so-called  laastraa  and 
8epUi8tra<B  were  taken,  some  of  which  agree  very  closely  with  the 
description  of  this  species  by  Prof.  Duncan.  I  have  not,  however, 
been  able  to  examine  the  type-specimen.  It  does  not  appear  to  be 
a  very  abundant  species,  only  three  having  come  into  my  hands. 
Two  of  them  came  also  from  the  Chadbury  clay-pit,  and  the  other 
was  dug  up  by  a  market  gardener  when  trenching  his  land  on  the 
side  of  the  hill  north  of  Evesham  on  which  the  battle  of  Evesham 
was  fought.  This  species  is  distinguished,  as  pointed  out  by  the 
original  describer,  by  its  stout  septa  and  thick  walls.  The  calices 
are  rather  shallow.  There  is  no  instance  in  either  of  my  specimens 
of  budding  actually  taking  place,  though  there  are  calices  which 
from  their  circular  form  and  their  position  amongst  other  calices 
have  certainly  proceeded  from  marginal  budding.  Fissiparity  is 
common,  and  sometimes  occurs  rather  peculiarly.  The  division  of 
a  calice  takes  place  all  round  it,  and  a  very  large  lobular  calico  is  the 
consequence,  and  when  the  dividing  septa  make  their  appearance, 
they  have  a  somewhat  radiate  arrangement 

HsTEBASTRiBA  INSIGNIS,  DuUC,   Sp. 
Ittutraa  insignisy  Dune,  Supp.  Brit.  Foss.  Corr.  pt.  iv.  p.  54,  pi.  xiii.  figs.  10,  11. 

The  specimen  on  which  Prof.  Duncan  established  this  species  was 
obtained  by  me  from  the  Lower  Lias  at  Lyme  Kegis,  but  as  the 
opportunity  of  making  an  examination  of  it  since  it  has  become  a 
type  has  not  occurred  to  me,  I  am  compelled  to  fall  back  upon  the 
other  specimens  from  the  same  locality,  of  the  specific  identity  of 
which,  however,  I  entertain  no  doubt.  Several  similar  specimens 
came  iato  my  hands  with  the  one  I  lent  to  Prof.  Duncan.     These  I 
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Btill  have,  and  tbey  haye  been  referred  to  on  tbe  present  occasion. 
Tbey  are  witbont  doubt  referable  to  tbe  same  genus  as  tbe  otber 
species  berein  mentioned. 

Hetkrastraa  kndothboata,  Dune.  sp.     PL  YII.  Fig.  9. 

Jsastraa  endotheeata,  Danoan,  Sapp.  Brit.  Fo8.  Cor.  pt.  ir.  p.  58,  pi.  xii.  figt.  17-21. 

Of  tbis  species  tbe  original  describer  says  "  tbe  marginal 
gemmation  is  frequent."  Tbe  figured  specimen  is  now  before  me, 
and  I  observe  a  considerable  number  of  calicos  wbicb  are  elongated 
and  bave  more  tban  one  fossula,  as  well  as  marginal  gemmation, 
wbicb  is  common.  The  irregularity  in  tbe  size  and  form  of  tbe 
calicos  is  due  to  tbe  operation  of  tbese  two  processes  proceeding  at 
tbe  same  time.  Besides  tbe  type-specimen,  I  bave  some  otbers 
taken  from  tbe  Ammonites  angulatus  beds  of  tbe  Lower  Lias,  about 
a  mile  west  of  Evesham.  Tbese  examples  bave  a  very  distinct  line 
where  tbe  corallites  come  together,  indicating  imperfect  union. 

Hetebastilsa  Haihei,  Wright  sp. 

SepituircBa  Haimeit  Dancao,  Sapp.  Brit.  Fo8.  Cor.  pt.  iv.  p.  6,  pi.  i.  fig*.  1-5. 

In  1860,  when  my  late  friend  Dr.  Wright  was  engaged  in 
investigating  tbe  Ammonite  zones  of  the  Lower  Lias,  he  obtained 
an  Isastraa  from  the  Ammonites  planorhis  beds  of  Street,  and  it  was 
mentioned  under  the  name  of  Isastraa  Murchisoni,  at  pages  390  and 
397  of  the  paper  which  followed  his  investigations.  Tbe  specimen 
was  for  some  time  in  my  hands,  and  was  afterwards  described  and 
figured  by  Prof.  Duncan  under  tbe  name  of  Isastraa  latimcBaU' 
droidea.  At  tbis  time  an  Isastraa,  said  to  have  been  obtained  from 
Evesham,  also  formed  part  of  Dr.  Wright's  Collection,  but  no 
mention  was  then  made  of  it  by  him,  though  afterwards,  in  one  of 
the  volumes  of  the  Palaeontograpbical  Society,  it  was  mentioned  as 
Isastrcea  Eaimeiy  and  as  I  then  believed,  and  still  believe,  was 
erroneously  stated  to  bave  been  also  obtained  from  the  Ammonites 
planorhis  beds  of  Street  Instead,  however,  of  its  appertaining  to 
that  Ammonite  zone,  I  entertain  no  doubt  whatever  that  it  is 
referable  to  the  Ammonites  angulatus  beds  of  the  neighbourhood  of 
Evesham. 

Prof.  Duncan  subsequently  described  and  figured  it  as  Isastraa 
Haimei,  As  I  bave  not  recently  had  the  opportunity  of  examining 
the  type- specimen,  I  cannot  speak  decisively  of  its  generic  relation- 
ship, though  I  do  not  doubt  that  it  is  a  species  of  Heterastraa. 

HETERASTBiEA  ToMKSi,  Duucan  sp.     PI.  VII.  Figs.  5,  6. 

Isastraa  Tomesit  Dancan,  Sapp.  Brit.  Fos.  Cor.  pt.  iv.  p.  46,  p].  xv.  fig.  20. 

The  type  of  this  species  is  so  indifferently  preserved  that  were  it 
not  a  well-marked  species  it  would  be  practically  useless  for  com- 
parison. But  the  very  thin  walls  and  septa  which  are  apparent, 
whatever  may  be  the  condition  of  tbe  specimen,  will  at  once  dis- 
tinguish it.  As  a  species  it  is  not  by  any  means  uncommon  ;  and  I 
bave  seen  specimens  from  several  localities  in  the  neighbourhood  of 
Evesham,  in  addition  to  Grafton,  where  the  type  was  obtained.    It 
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i  low  expanding  form,  sometimes  attaining  to  a  great  size.  The 
^st  I  haye  yet  seen  is  almost  as  heavy  as  a  man  can  lift.  On 
Lrljr  every  part  of  this  massive  specimen  the  line  where  the 
allites  come  into  contact  with  each  other  is  very  visible, 
1  in  some  places  there  appears  to  be  a  slight  but  perceptible 
erval  between  the  walls.  Marginal  budding  is  frequent,  and 
iiparons  division  of  the  calicos  is  observable  everywhere.  Some 
the  calicos  are  more  than  an  inch  in  length,  and  have  a  very 
aarkable  and  almost  serpentine  form,  with  four  or  five  fossulaa, 
)  long  dividing  septa  being  present  between  some  of  them,  but 
;  between  others.  At  one  place  rejuvenescence  occurs  in  several 
itignous  calicos,  and  they  appear  as  double,  or  one  within  the 
ler,  just  as  they  appear  in  the  upper  part  of  Laube's  figure  of 
fsaatraa,  and  here  and  there  a  corallite,  near  the  outside  of  the 
allum,  is  elevated  above  the  rest  and  there  is  a  trace  of  an  after- 
)wth  of  epitheca. 

HBTERASTBiBA  LATIM^ ANDROID R A,  DunC.  Sp. 
ttraal€UinkBandr(n(UafD\iBca.n,  Sapp.  Brit.  Fos.  Cor.  pt.  it.  p.  65,  pl.xxT.  figs.  18, 19. 

rhe  specimen  of  this  species,  which  was  obtained  by  Dr.  Wright 
m  the  Ammonitea  planorbis  bed  of  Street,  was  for  some  time  in  my 
dds,  and  a  facsimile  in  plaster,  taken  by  means  of  a  wax  im- 
)ssion,  is  now  before  me.  Marginal  gemmation  is  obviously  very 
ondant,  and  the  elongated  calices  having  more  than  one  fossula, 
)  indicative  of  fissi parity.  The  specimen  is  only  a  fragment  and 
specific  independence  is  very  doubtful. 

Hbterastkiba  ?  siNEMUBiBNSis,  From.  sp. 

siraa  sinemuriensis,  E.  de  From,  in  Martin.  Pal.  Strat.  de  Tlnfra  Lias,  Cote  d*Or. 
Strega  sintmuriensist  Danoan,  Sapp.  Brit.  Fobs.  Cor.  pt  iv,  p.  SO,  pi.  vii.  figs.  1-9. 

If  the  Brocastle  specimens  are  rightly  identified  with  this  species, 
3n  it,  like  so  many  other  of  the  so-called  Isastrcece  of  the  Lias, 
jreases  by  marginal  instead  of  calicinal  gemmation.  This  is 
ident  in  my  specimen,  and  it  has  also  been  figured  by  Prof, 
mean  (Supp.  Brit.  Foss.  Cor.  as  above)  from  specimens  in  the 
llection  of  the  late  Mr.  Charles  Moore. 

Of  Isastrcea  gihbosa  from  the  same  locality  I  can  only  say  that  in 
9  specimens  I  have  examined  there  w£is  no  evidence  of  any  process 
increase. 

HsTERASTRiEA  EXOAVATA,  Fromeutol,  Sp. 
Septastma  excavata^  E.  de  From,  in  Martin,  Infra  Lias,  Cote  d'Or.  1860. 

Two  specimens  of  a  Coral  which  I  refer  to  this  species  have  come 
to  my  hands,  both  of  which  were  taken  from  the  low-lying  gravel 

Charlton,  about  a  mile  north-west  of  Evesham.  They  resemble 
ch  other  in  having  a  regularly  oval  form,  and  are  somewhat 
pressed,  though  they  have  an  evenly  convex  calicular  surface.  A 
rger  example  than  either  of  these  would,  if  broken  up,  furnish 
ecisely  such  fragments  as  the  one  figured  by  M.  de  Fromentel. 

all  the  details  of  the  form,  size,  and  arrangement  of  the  corallites 
d  their   calices,  as  well  as  the   development  of  the  septa,  my 
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Rpeoimens  are  fully  in  accord  with  the  fragment  figured  by  M.  de 
Fromentel,  excepting  that  in  addition  to  fissiparity  there  is  nndonbted 
marginal  gemmation,  which  is,  however,  unfreqnent,  not  more  than 
three  or  four  instances  appearing  on  either  specimen. 

H£T£BASTBiBA  Etuebidgei,  sp.  nov.     PI.  YII.  Figs.  1,  2. 

This  species,  which  appears  to  be  un described,  bears  a  little  resem- 
blance in  the  form  of  thecorallum  to  H.  Eaimeif  but  it  differs  greatly 
in  the  size  of  the  calicos,  which  are  scarcely  half  the  size  of  those 
of  the  last-named  species. 

The  corallum  is  tall  and  somewhat  compressed,  with  a  rounded 
top,  the  whole  surface  being  closely  covered  with  calices,  which  are 
hexagonal,  shallow,  and  saucer-shaped.  The  walls  are  thick,  but 
when  entire  come  to  a  sharp  well-defined  edge,  and  there  is  a  very 
distinct  though  fine  line  where  the  corallites  come  together,  indicat- 
ing imperfect  union. 

No  cyclical  numeration  of  the  septa  can  be  formulated.  There 
are  about  twenty-four  in  a  medium -sized  and  regular  calice,  and 
nearly  half  of  them  pass  almost  into  the  centre  of  the  calice,  but  do 
not  quite  meet.  In  the  elongated  calices,  however,  the  longest  from 
the  opposite  sides  meet  in  the  middle  line.  The  others  are  too 
irregular  to  be  determined.  All  the  septa  are  of  medium  thickness, 
which  they  maintain  as  they  pass  inwards.  In  an  unworn  calice 
they  all  have  margins  which  are  regularly  tuberculated,  about  eight 
to  ten  prominent  tubercles  being  observable  on  the  longer  ones. 

The  tallest  specimen  I  have  seen  measures  four  inches  in  height, 
and  has  a  diameter  of  about  two  inches.  Diameter  of  the  calices 
from  one  and  a  half  to  two  lines. 

Gemmation  and  fissiparity  occur  quite  freely  and  with  about  equal 
frequency  on  all  parts  of  the  corallum. 

I  have  examined  several  specimens  from  the  Lower  Lias  of  the 
East  Cliff,  Lyme  Regis,  and  I  possess  one  which  was  taken  from  the 
gravel-pit  at  Charlton,  near  Evesham. 

Heterastrjea  begulabis,  sp.  nov.     PI.  VIL  Fig.  7. 

The  corallum  of  all  the  specimens  I  have  seen  was  attached  by  a 
small  oblong  space,  from  which  it  expanded  rapidly,  and  was  sur- 
mounted by  an  irregular  overhanging  flattened  or  rounded  top,  with 
some  elevated  lines  and  gibbosities.  The  corallites  are  rather  small 
and  angular,  and,  generally  speaking,  hexagonal,  and  their  union 
with  each  other  is  indicated  by  a  fine  but  very  distinct  line.  The 
calices  are  deep,  almost  as  deep  as  wide,  and  the  walls  are  regular, 
thin,  upright,  and  straight  between  the  angles.  The  septa  are  rather 
regular,  straight,  and  rather  thick,  and  they  hold  their  thickness 
quite  into  the  centre  of  the  calice.  There  are  six  systems,  and  three 
cycles  and  a  rudimentary  fourth.  The  septal  edges  have  large 
rounded  denticulations,  which  are  few  in  number  and  lobular,  llie 
primary  septa  are  six,  and  they  unite  in  the  centre  of  the  calice  and 
form  a  false  columella,  which,  however,  is  not  very  apparent  until 
the  tabulad  forming  the  floor  of  the  calice  have  been  broken  through. 
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>se  of  the  second  cycle  are  two-thirds  the  length  of  the  first, 
[  those  of  the  third  two- thirds  the  length  of  those  of  the  second, 
Lie  the  septa  of  the  fourth  cycle  are  merely  rudimentary. 
Ilarginal  gemmation  and  fissiparity  both  oocur,  but  are  not  frequent. 
This  species  may  be  readily  distinguished  from  all  the  others  by 

small  number  and  the  regularity  of  the  septa,  the  cycles  of 
ich  can  readily  be  determined  in  a  fairly  symmetncal  calico.     In 

larger  and  more  irregular  ones,  however,  the  septa  are  a  little 
re  numerous,  and  the  cycles  cannot  be  traced.  Another  dis- 
3tion  consists  in  the  union  of  the  primary  septa  low  down  below 

calioe,  and  thus  forming  a  false  columella,  which  becomes 
spicuous  when  the  dissepimental  floor  of  the  calice  has  been 
troyed  and  the  septa  worn  down.  I  have  not  seen  this  in  any 
er  species. 

rhe  most  regular  calices  have  a  diameter  of  about  two  lines,  but 
larger  and  more  irregular  ones  are  nearly  three  lines  in  breadth. 
Two  examples  have  been  obtained  from  the  Ammonites  angiUatus 
Is  in  a  field  called  **  Salmon's  Stile,"  near  the  village  of  Littleton, 
th-east  of  Evesham,  and  another  from  near  the  village  of 
ipthorne,  west  of  Evesham. 

Hetebastb^a  Bintonensis,  sp.  nov. 
rhere  is  a  large  and  nearly  globular  species  having  a  very 
bous  upper  surface,  and  rather  small  calices  with  thick  walls, 
ich  I  have  at  present  been  unable  to  refer  to  any  known  species, 
occurs  in  the  Ammonites  angulatus  beds  at  Biuton  Hill,  four 
es  west  of  Stratford-on-Avon,  and  at  Down  Hatherley,  Gloucester- 
re,  where  my  friend  Mr.  Brodie  found  a  specimen,  and  kindly 
ivarded  it  to  me  for  my  use  on  the  present  occasion.  Other 
cimens  have  been  taken  from  the  Charlton  gravel-pit. 
The  calices  are  rather  small,  and  are  mostly  hexagonal,  but  they 
re  a  rounded  appearance,  owing  to  the  walls  being  thickened 
t  at  the  angles.  They  are  very  seldom  elongated.  The  septa  are 
light,  thin,  and  in  the  larger  calices  there  are  from  forty  to  forty- 
.  About  nine  or  ten  are  longer  than  the  others,  but  do  not  meet 
the  centre  of  the  calice,  there  being  an  open  fossula  of  nearly 
>-fourth  of  the  diameter  of  the  corallite,  which  is  only  closed  by 

tabular  dissepiments.     A  corresponding  number  of  septa  are 
•ut  half  or  two-thirds  the  length  of  the  long  ones,  and  all  the 
ers  are  too  short  and  variable  to  be  enumerated, 
gemmation  occurs  rather  freely,   but   fissiparity  is   much   less 
imon. 

The  diameter  of  a  large  specimen  is  about  six  inches,  of  a  smaller 
I  three  or  four  inches.     The  calices  are  from  two  to  two  and 
alf  lines  wide. 
rhe  thick  walls,  the  more  or  less  rounded  form  of  the  calices,  and 

open  fossula  will  distinguish  this  species,  and  I  may  add  that 
the  specimens  I  have  seen  have  had  a  more  or  less  globular  form. 

HSTSBASTBAA   Sp. 

have  before  me  sevend   qpeoimens  of  a  species  whkk  \^ 
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obviously  quite  distinct  from  any  of  the  foregoing,  but  which  are 
not  sufficiently  well  preserved  to  admit  of  description.  They  consist 
of  thin  plates,  from  half  to  three-fourths  of  an  inch  in  thickness, 
which  had  nearly  an  upright  position,  and  have  calices,  all  of  whidi 
are  oblique.     They  were  found  in  the  neighbourhood  of  Evesham. 

DESCRIPTION  OF  PLATE  VII. 

Fio.  I.  Metermtraa  Etheridgei^  a  horizontal  section  a  little  below  the  calice,  show- 
ing the  imperfect  union  of  the  corallites,  fissiparity  in  pro- 
gress in  two  corallites,  and  one  cornllite  which  has  resulted 
m)m  gemmation.    Magnified  three  diameters. 

n     2.  ,,  Ether idgei^  a  vertical  section  showing  the  dissepiments  and  the 

edges  of  the  septa.     Magnified  three  diameters. 

n     3.  ,,  Eveshatni,  a  portion  of  the  type  specimen  showing  a  calice 

which  has  been  developed  from  a  bud,  and  still  retains  a 
more  or  less  circular  outline.     Magnified  two  diameters. 

I,     4.  „  Fromentelif  a  portion  of  the  specimen  figured  by  Prof.  Duncan, 

exhibiting,  in  close  proximity,  both  gemmation  and  tissi- 
parity.     Magnified  two  diameters. 

,,    5  &  6.      yf  Tom  f si  J  portions  having  calices  resulting  from  both  gemmation 

and  fissiparous  division.     Magnified  two  diameters. 

M     7.  yy  reffularis,  some  calices  magnified  two  diameters. 

1,8.  ,,  Slrirklandiy  some  calices  of  a  specimen  from  Evesham,  having 

both  gemmation  and  fissiparous  division.     Magnified  two 
diameters. 

II     9.  ,,  endotheeotay  a  portion  of  the  t3rpe  specimen,  showing  fissiparous 

division  in  progress.    Magnified  two  diameters. 


m. — On  Some  Effects  of  Pressure  on  the  Devonian  Sbdimentart 

Rocks  of  North  Devon.* 

By  J.  E.  Marr,   M.A.,    F.G.S. 

DURING  Professor  Hughes'  annual  geological  excursion,  which 
was  last  Easter  conducted  to  Ilfracombe,  I  was  much  struck 
with  certain  structures  exhibited  by  the  ordinary  Devonian  sediments, 
and  some  of  these  are,  I  think,  worthy  of  a  short  notice.  Most  of 
them  are  exhibited  on  the  beach  close  to  Ilfracombe,  at  the  bath- 
ing place,  where  there  is  also  seen  the  folded  grit  band  rendered 
classical  through  Dr.  Sorby's  writings. 

The  rocks  here  consist  of  cleaved  argillaceous  deposits  interstrati- 
fied  with  thin  grits  and  limestones,  and  the  latter  have  been  folded 
amongst  the  former  in  a  most  remarkable  manner.  The  changes 
which  take  place  are  illustrated  in  Fig.  1.  The  first  stage  is  the 
production  of  a  series  of  sigmoidal  folds  having  the  middle  limb 
replaced  by  a  thrust-plane.  This  is  well  shown  in  the  case  of  two 
limestone  bands  just  above  a  small  cave  on  the  shore,  at  the  bathing 
place.  A  further  development  is  shown  in  Fig.  la,  and  the  result  of 
this  is  the  formation  of  a  series  of  '*  eyes  *'  of  limestone,  which  vary 
in  length  from  a  fraction  of  an  inch  to  several  feet,  according  to  the 
magnitude  of  the  folds.  As  the  smaller  folds  are  merely  the  con- 
voluted portions  of  larger  ones,  the  **  eyes  "  get  pulled  out  along  the 
thrust- planes,  replacing  the  middle  limbs  of  the  larger  folds,  as  shown 
in  Fig.  l/>.     In  this  way,  the  central  portions  of  these  larger  folds 

'  £ead  at  the  Manchester  Meeting  of  the  British  Association. 
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neBent  the  appearanoe  shown  in  Fig.  le,  where  we  finil  a  series  of 
lengthened  "eyer,"  forming  flattened  lentioular  patches  inteibanded 
with  the  normal  oleaved  argillaoeoas  materiaL  By  these  simple 
ohauges  we  have  prodnoed  a  rook  having  all  the  mechsnioal 
oharaoterH  of  a  sohist,  bat  consisting  of  alternating  lentioular  patches 
of  limestone  end  clay-slate,  and  presentiag  the  apparent  false* 
bedding  which  is  also  seen  in  tme  sohists.  The  apparent  dip  of  the 
Tooks  is  here  entirely  fallacious,  and  is  due  to  the  pnlling  out  of  the 
limestone  "  eyes,"  so  as  to  hare  their  longer  axes  parallel  with  the 
general  strike  of  the  cleavage  planes.  In  many  oases  the  cores  of 
the  larger  folds  have  the  "  eyes  "  oompreseed  together  to  form  an 
irr^nlar  nodalar  mass,  in  whioh  the  separate  "  eyes  "  can  be  some- 


#"# 


Flo.  1  1'.  Tranntian  from  ordioaiy  OTerfolds  to  the  itage  la. 

„     la'   la".  TraaBitJon  from  la  to  le  BS  produced  along  the  fault  plane  in  \b. 

„  lb  It.  As  in  text. 
times  with  difBcuIty  determined,  but  at  other  times  the  lines  of 
demarcation  are  wholly  obliterated.  In  these  masses,  the  crinoid 
joints  of  which  the  limestones  are  largely  composed  are  afiected  in 
the  way  described  by  Dr.  Sorby  in  bis  Presidential  Address  to  the 
Geological  Society  (Q,J.G.S.  vol.  xisv.  p.  89),  .and  in  some  cases 
are  seen  converted  mto  a  number  of  irregular  polygons.  Along 
the  planes  where  the  limestone  "  eyes  "  have  been  dragged  out,  we 
find  that  the  crinoid  sterns  are  separated  in  a  way  similar  to  that 
fibred  by  Heim  in  the  case  of  a  lielemnite  (Mechanismus  der 
Gebirgsbililnng,  pi.  iv.  fig.  G),  and  the  spaces  separating  the  different 
joints  are  then  fiUed  with  crystalline  calotte. 
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The  ohangee  occurring  in  the  case  of  the  thin  grit  bands  sre 
generally  similar  to  those  described  abovs ;  but  here  we  find  also 
that  the  particles  are  compressed,  and  there  appears  to  have  been  ■ 
slight  mineral  rearrangement.  The  grits  are  oevertheleea  easily 
distinguishable  as  such  even  to  the  naked  eye. 

The  rocks  at  the  bathing  place  are  furthermore  travened  by 
quartz  veins,  some  of  which  were  formed  before  the  principal 
folding  of  the  rocks,  and  in  this  case,  the  veins  are  affected  in  the 
same  way  as  the  thin  bands  of  limestone.  Yig.  Z  shows  the 
foldings  of  such  a  quartz  vein,  as  seen  close  to  the  Tunnels  at  the 


bathing  place.  Here  two  quartz  veins  occur  parallel  with  two 
thin  bands  of  limestone,  and  are  folded  like  the  limestone,  showing 
that  the  reins  were  formed  along  the  bedding  planes,  before  the 
latter  were  affected  by  the  folding.  At  this  spot,  both  limestone  and 
folded  quartz  veins  suddenly  disappear  t^inst  a  large  divisional 
plane  to  the  right,  and  a  few  feet  to  the  right  of  this  plane  a  series 
of  quartz  veins  run  parallel  with  the  cleavage  planes.  It  is  possible 
that  the  latter  veins  were  produced  by  the  mechanical  rearrangement 
of  the  folded  veins  along  the  thrust  plane  of  a  large  fold,  but  it  is 
not  easy  to  prove  this,  as  in  the  case  of  the  limestones,  and  the 
rectilinear  veins  may  have  been  formed  in  their  present  condition 
bv  segregation.  Upon  a  flat  surface  of  rock  to  the  south  of  this 
place,  quartz  veins  are  seen  formed  into  "eyes,"  and  these  "eyes" 
in  places  have  been  almost  certainly  dragged  out.  In  such  cases  we 
have  the  incipient  formation  of  a  schistose  rock  compotied  of  alter- 
nating lenticular  masses  of  argillaceous  material,  limestone  and 
quartz.  Precisely  similar  phenomena  may  be  seen  at  Bagginton 
Beach  and  elsewhere,  and  indeed  the  whole  coast  offers  excellent 
examples  of  the  formation  of  these  schitttose  structures  in  ordinary 
sediments,  where  all  the  mechanical  peculiarities  of  a  true  schist  are 
visible,  without  any  great  change  in  the  chemical  composition  of  tbe 
individual  constituents  of  the  rock. 

At  Hagginton  Beach  a  mass  of  limestone  occurs,  which  has  been 
pulled  out  so  as  to  form  a  series  of  elliptical  nodules  occurring  in 
the  same  line.  Here  we  find  the  junction  of  limestone  "eyes" 
without  any  folding  of  the  particular  mass  of  limestone  in  which 
the  "eyes"  occur.  A  flattening  of  these  "eyes"  would  cause  the 
formation  of  lenticular  masses  of  limeBlone  of  a  similar  character  to 
those  described  as  occurring  at  the  bathing  place ;  nevertheless  the 
mode  of  formation  of  the  "  eyes  "  is  quite  different  in  the  two  cases. 

Some  of  the  smaller  "eyes"  seen  in  a  cliff  just  north  of  Hagginton 
Beach  are  composed  of  maaaeB  of  ooraL    The  elliptical  shape  of  the 
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yes  "  does  not  appear  to  be  due  to  the  original  growth  of  the 
ul,  for  the  sides  of  the  nodules  are  seen  to  consist  of  sections  of 
I  coral.  This  may  be  owing  to  chemical  solution  of  some  parts 
the  limestone,  but  appeared  to  me  to  be  caused  by  the  actual  ^ 
Miring  ofif  of  a  portion  of  the  coral.  This  supposition  requires ' 
ifirmation,  and  it  b  probable  that  a  fuller  examination  of  the 
itriot  will  yield  the  requisite  evidence. 

The  structures  seen  in  these  North  Devon  rocks  remind  one  of 
)se  described  by  Dr.  Bonney  as  occurring  at  Tor  Cross  in  S.  Devon 
.J.G.S.  vol.  xl.  p.  1).  He  brings  forward  proof  to  show  that  in 
it  region  '*  there  is  no  valid  evidence  of  a  passage  from  schist  to 
te."  The  occurrence  of  rocks  in  North  Devon  having  all  the 
»chanical  stnictures  of  true  schists,  without  possessing  their 
3uliar  chemical  composition,  bears  out  this  conclusion.  In  con- 
ation with  this,  it  is  of  interest  to  notice  that  whereas  in  South 
tvon,  where  phyllites  are  found  associated  with  normal  schists,  the 
iimentary  rocks  are  largely  penetrated  by  igneous  intrusions,  this 
not  the  case  in  North  Devon,  where  such  intrusions  are  very  rare, 
le  mass  of  quartz  felsite,  which  has  been  described  by  Dr.  Bonney 
fBOL.  Mag.  1878,  p.  207),  does  occur  at  Bittadon,  and  he  states 
it  it  is  *'  affected  slightly  by  cleavage.*'  It  was  therefore  intruded 
ior  to  the  last  earth-movements  of  this  area.  In  some  parts  of  the 
3k  there  is  a  parallelism  of  the  alteration  products  which  have 
en  developed  along  the  line  of  cleavage,  but  unfortunately  the 
rtion  of  the  rock  which  has  undergone  the  greatest  amount  of 
ravage  is  so  decomposed  that  no  specimen  could  be  obtained 
fficiently  firm  for  slicing.  The  apparent  absence  of  schistosity 
this  rock  can  be  however  accounted  for  on  the  supposition  that  at 
e  place  where  it  is  exposed,  the  mass  forms  an  "  eye  *'  which  has 
i  undergone  any  great  change.  It  would  be  of  interest  to  know 
this  rock  is  exposed  elsewhere,  and  if  so,  under  what  conditions 
is  there  found. 

I  am  indebted  to  Mr.  E.  J.  Garwood,  B.A.,  F.G.S.,  for  the  use  of 
lotographs  displaying  many  of  the  structures  which  I  have 
Acribed  above. 

IV. — Notes  on  the  Geology  op  Mynydd  Mawb  and  the 

Nantlle  Valley. 

Bj  Alfred  Harkeb,  M.A.,  F.6.S., 

Fellow  of  St  John^s  College,  Cambridge. 

.^YNYDD  MAWR,  about  three  miles  west  of  Snowdon,  is  an 
tL  abrupt  rounded  hill,  2300  feet  high,  separating  the  valleys 
Nantlle  and  Cwellyn.  A  reference  to  the  maps  of  the  Geo- 
gical  Survey  (75  N.E.  and  N.W.)  shows  it  to  be  due  to  an 
)lated  boss  of  "  intrusive  hornblende-porphyry  "  in  the  form  of 
rounded  parallelogram,  a  mile  and  a  half  in  its  longest  diagonal, 
r.  Hicks  *  has  mapped  this  patch  as  Pre-Cambrian.  and  included 
in  his  Arvonian  system ;  but  apart  from  its  position,  breaking 

1  Q.  J.G.S.  Tol.  ixxT.p.  297,  1879. 
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through  a  regular  succession  of  Cambrian  (or  Ordovioian)  rocks, 
an  examination  of  the  junction  affords  convincing  proof  of  its 
intrusive  character.  On  the  northern  flanks  of  the  hill  the  relations 
are  well  exhibited,  and  the  induration  and  extensive  mineralogical 
alteration  of  the  slate  in  the  vicinity  of  the  boss  are  very  marked. 
It  is  indeed  by  no  means  easy  to  determine  on  the  ground  the  precise 
point  where  the  hardened,  semicrystailine  slate  givds  place  to  the 
porphyry. 

The  question  may,  however,  be  approached  on  a  different  line, 
which  indicates  a  higher,  as  well  as  a  lower,  limit  to  the  age  of  the 
intrusion.  A  series  of  observations  with  compass  and  clinometer 
may,  I  believe,  be  made  to  yield  interesting  results  in  many  districts 
of  cleaved  rocks,  and  so  no  apology  seems  needed  for  introducing 
in  this  connection  a  few  remarks  on  the  arrangement  of  the  cleavage- 
planes  in  the  slaty  rocks  of  the  Yale  of  Nantlle. 

All  the  peculiarities  of  slaty  cleavage  may  be  studied  to  advantage 
in  the  slate-quarries  of  the  lower  part  of  the  valley,  which  are 
worked  in  Lower  Cambrian  rocks  resembling  those  of  Llanberis. 
Here,  as  usual,  a  great  perfection  of  the  cleavage-structure  is 
found  associated  with  high  angles  of  cleavage-dip.  The  cleavage- 
strike  seldom  deviates  more  than  a  few  degrees  from  N.  36®  E.— 
S.  36®  W.,  which  is  also  about  the  normal  strike  of  the  strata,  in 
accordance  with  the  law  developed  by  Sedgwick,  Darwin,  Jukes, 
and  others.  It  also  agrees  nearly  with  the  trend  of  the  great 
Archsean  ridge,  which  extends  from  Llanllyfni  to  beyond  Llanberis. 
The  quartz-porphyry  composing  this  ridge  has  itself  been  structurally 
affected  by  the  same  stress  which  originated  the  cleavage  of  the 
neighbouring  slates.  The  platy  structure  of  the  mass,  well  seen 
at  Cilgwyn,  Pen-y-groes,  etc.,  has  the  same  strike ;  it  is  not  mere 
jointing,  but  is  often  seen  to  be  in  direct  relation  with  a  certain 
Bchistosity  of  the  quartz-porphyry. 

The  variations  of  cleavage-dip  in  the  Nantlle  slates  agree  well 
with  the  rules  laid  down  by  Sharpe  forty  years  ago.  A  little  west 
of  the  lower  lake  runs  a  line  of  vertical  cleavage,  nearly  coinciding 
with  the  bye-road  from  Tal-y-sam  to  Llanllyfni.  On  each  side  of 
this  line  of  strike  the  cleavage-planes  dip  away  from  it  at  high 
angles,  so  that  the  cleavage-dip  in  the  Pen-y-bryn  and  other  quarries 
near  Nantlle  itself  (Nant-y-llef  on  the  maps)  is  south-easterly. 
Another  line  of  vertical  cleavage  passes  through  the  middle  of  the 
upper  lake,  and  in  the  slates  on  each  side  of  this  the  cleavage-planes 
dip  in  towards  this  line.  The  north-westerly  cleavage-dips  hold  up 
the  valley  with  a  gradually  decreasing  angle,  to  56°  at  Drws-y-coed 
Pass.  The  strike  of  the  cleavage  remains  very  constant  in  these 
higher  beds,  although  the  strata  themselves  in  the  neighbourhood  of 
the  Tal-y-mignedd  copper-lodes  change  their  bearing  considerably, 
curving  round  towards  the  east.  This  is  an  example  of  the  law  that 
the  cleavage  of  a  district,  while  following  the  trend  of  the  main 
axes  of  disturbance,  is  independent  of  minor  variations  in  the  strike 
of  the  strata.  Occasionally  local  irregularities  occur,  which  are 
1^       clearly  traceable  to  subsequent  faulting.     It  is  noticeable  that,  with 
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decreasing  angles  of  oleavage-dip,  the  cleavage-struoture  becomes 
less  perfect,  and  the  rocks  cease  to  be  worth  working  for  slates. 

A  similar  regularity  may  be  traced  in  the  cleavage  of  the  rocks  in 
the  Cwellyn  Valley  on  the  north  side  of  Mynydd  Mawr,  the  average 
strike  being  towards  N.  30^  E.,  with  small  deviations,  and  the  dip  of 
the  planes  varying  gradually  as  before.  In  the  neighbourhood  of 
the  hill  itself,  however,  the  case  is  different.  Considerable  devia- 
tions present  themselves,  and  these  are  found  to  follow  a  definite 
law :  in  brief,  the  cleavage-strike  becomes  more  and  more  changed 

Sketch'Map  of  Mynydd  Mawr  District, 


Scale :  One  inch  to  two  miles. 

S,  *  Snowdon  Ranker;*  D,  Drws-y-coed ;  G,  Y  Gam;  N,  NantUe  ;  Mc,  Mynydd 
Cilgwyn ;  Mt,  Mcel-y-Tryfaen :  a,  Archtean  ridge ;  c,  Cambrian  basement  con- 
fi[lonierate ;  //,  Slates  of  Nantlle  quarries  =  Llanberis  series;  /,  Higher  slates  = 
Lingula  flags  and  newer  beds ;  y,  Grits  of  Tal-y-mignedd  (?  Arenig  age) ;  by  Slates 
of  Bala  stage. 

Faults  ;  *«.*^  Dip  of  strata ;  — | —  Strike  and  dip  of  cleavage ; 

— -) —  Vertical  cleavage. 

as  we  approach  the  porphyry,  tending  always  towards  parallelism  with 
tlte  boundary  of  the  intrusive  mass.  For  instance,  on  the  north  side 
the  cleavage-strike  becomes  deviated  so  as  to  bear  always  more 
easterly,  as  far  as  N.  70°  E.  and  even  N.  85°  E.,  with  increasingly  high 
dips  towards  the  south-east  and  south.  This  variation  cannot  be 
traced  so  far  as  the  actual  junction,  for  the  rock  there  is  so  indurated 
that  it  has  been  able  to  resist  the  mechanical  stress.  On  the  east 
side  of  the  hill,  on  the  other  hand,  the  cleavage-strike  is  deviated 
towards  the  north,  and  in  the  narrow  strip  of  slates  where  the  lake 
approaches  most  closely  to  the  porphyry,  the  cleavage  bears  due 
N. — S.,  with  a  dip  of  88°  to  the  west.  Doubtless,  if  we  could  lay 
bare  the  whole  tract,  the  cleavage- strike  would  be  seen  curving 
round  the  mass  of  porphyry,  just  as  the  lines  of  flow  in  a  rhyolite 
curve  round  a  porphyritic  crystal,  or  as  the  fibres  of  wood  are 
deflected  by  a  knot. 

The  only  explanation  of  the  peculiarities  just  described  is  that, 
when  the  whole  district  was  operated  upon  by  the  powerful  lateral 
pressure  which  produced  the  cleavage-structure,  the  unyielding  mass 
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of  porphyry  interposed  a  hard  obstacle  ;  in  its  neighbourhood,  there- 
fore, the  resultant  compression  tended  to  be  perpendicular  to  the 
boundary  of  this  obstacle,  and  so  the  cleavage-surfaces  produced 
tended  to  be  parallel  to  the  boundary.  A  little  consideration  will 
show  that  such  great  deviations  could  not  be  brought  about  by  dis- 
turbance due  to  the  intrusion  of  the  porphyry  after  the  impression 
of  the  cleavage-structure.  Moreover,  in  such  a  case,  the  cleavage- 
planes,  owing  to  their  very  high  angles  of  dip,  would  have  been  less 
affected  as  regards  strike  than  the  strata.  The  bedding  is  in  fact 
disturbed  near  the  junction,  but  no  great  changes  in  its  direction  of 
strike  are  to  be  noticed.  Again,  we  have  seen  that  the  cleavage- 
planes  on  the  north  side  of  the  hill  dip  towards  it,  and  the  angle  of 
dip  increases  on  approaching  the  porphyry,  until  vertical.  If  the 
intrusion  had  disturbed  the  rocks  after  they  had  become  cleaved,  the 
reverse  should  be  the  case. 

It  appears  certain  then  that  the  porphyry  of  Mynydd  Mawr  is 
truly  intrusive ;  that  it  is  newer  than  the  surrounding  rocks,  but 
older  than  their  cleavage.  The  rocks  in  question  are  probably 
Arenig,  though  possibly  older,  their  age,  in  the  absence  of  fossils, 
being  necessarily  in  doubt  (Ramsay,  Geol.  N.  Wales,  2nd  ed.  p.  168). 
The  era  of  the  cleavage  is,  according  to  all  the  evidence  obtainable, 
the  close  of  the  Cambrian  period  of  Sedgwick,  or  at  least,  as  Sir  A 
Bamsay  puts  it,  **  before  the  commencement  of  the  deposition  of  the 
Upper  Llandovery  strata  "  (ibid,  p.  326).  The  intrusion  of  Mynydd 
Mawr,  then,  may  well  be  of  Bala  age.  Bamsay  remarks  that  the 
summit  of  Y  Gam,  about  two  miles  south  of  Llyn  Cwellyn,  which 
is  mapped  as  ''  greenstone,'*  consists  of  an  igneous  rock  similar  to 
that  of  Mynydd  Mawr,  and  the  slates  on  its  western  side,  which 
form  part  of  the  Bala  stage,  are  seen  to  dip  under  the  rock  in 
question.  The  vertical  cleavage  of  the  slates  near  the  junction  of 
the  Mynydd  Mawr  mass  indicates  that  the  boundary  of  the  latter  is 
nearly  perpendicular.  It  seems  very  probable  then  that  this  great 
boss  of  porphyry  is  the  plug  of  a  volcanic  vent  of  Bala  age,  and 
may  mark  the  source  of  some  of  the  lavas  of  Snowdon,  Moel  Hebog, 
and  Llwyd  Mawr. 

If  this  be  so,  a  petrological  examination  of  the  Mynydd  Mawr 
rock  will  have  a  special  interest  Without  attempting  a  complete 
description  of  it,  its  chief  characters  may  be  briefly  noted.  The 
rock  is  unique  in  appearance  and  easily  recognized  when  met  with 
in  the  drift  of  Moel  Tryfaen  and  Nantlle.  To  the  eye  it  appears 
as  a  bluish-grey  compact  mass,  pinkish  or  cream-coloured  when 
weathered,  in  which  are  imbedded  imperfect  linear  crystals  of  a 
lustrous  black,  arranged  in  parallel  streams.  The  general  characters 
are  very  constant  throughout  the  whole  extent  of  the  hill :  the  black 
crystals,  however,  usually  about  a  quarter  of  an  inch  in  length, 
sometimes  attain  a  larger  size ;  felspar  crystals  are  often  visible, 
and  scattered  grains  of  quartz.  The  mass  exhibits  a  platy  jointing, 
sometimes  in  two  intersecting  directions,  and  about  Graig-cwm- 
bychan  the  columnar  structure  is  often  very  marked. 

Sir  A.  Bamsay  (op,  cit,  p.  171)  refers  to  the  black  crystals  as 
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omblende,  but  in  the  late  Mr.  E.  6.  Tawney's  copy  of  the  memoir 
iiiB  is  altered  in  the  margin  to  ''  tourmaline."  An  examination  of 
everal  thin  seotions  of  the  rock  reveals  always  both  minerals  in 
lose  association  and  in  about  equal  quantities. 

The  microscope  shows  a  fine-grained  ground- mass,  enclosing, 
^des  the  hornblende  and  tourmaline,  porphyritic  felspars  and 
ometimes  crystalline  grains  of  quartz.  Some  of  the  black  crystals 
ii  the  hand-specimens  are  seen  to  be  hornblende,  some  tourmaline, 
rhile  others  consist  of  both  minerals  closely  associated,  with  a  very 
rregular  or  ragged  line  of  junction.  The  boundaries  of  the  crystals 
ihow  no  idiomorphic  outline,  but  an  extremely  ragged  edge,  owing 
o  their  including  granules  of  quartz  and  felspar  similar  to  those  of 
he  ground-mass.  Most  of  the  crystals,  too,  both  hornblende  and 
ourmaline,  contain  these  granules  throughout  their  interior,  so 
hat  the  sections,  instead  of  being  solid,  have  a  porous  or  spongy 
appearance. 

The  tourmaline  is  of  the  blue  variety  of  that  mineral,  and  the 
absorption,  for  both  ordinary  and  extraordinary  rays,  is  so  complete 
Jiat  slices  of  the  usual  thickness  are  almost  opaque,  giving  in  their 
hinnest  portions  a  deep  indigo-blue  tint.  No  traces  of  cleavage  are 
apparent. 

The  hornblende  has  the  usual  prismatic  cleavage  well  marked.  It 
s  remarkable  chiefly  for  its  abnormal  colours  and  intense  dichroism. 
Vibrations  parallel  to  the  a-axis  of  elasticity  give  a  rather  light 
jrown  colour,  those  parallel  to  p  and  7  a  very  deep  blue,  having 
[>erhaps  a  greenish  tinge  in  the  former  case  and  indigo  in  the  latter, 
3ut  the  absorption  is  so  strong  that  the  crystals  appear  almost 
>paque  when  the  a-axis  is  approximately  perpendicular  to  the 
thorter  diagonal  of  the  Nicols  prism.  This  deep  tint  is  indis- 
inguishable  from  that  of  the  tounualine  in  the  same  slides. 

The  porphyritic  felspars  present  square  sections,  twinned  apparently 
>n  the  Carlsbad  model.  They  may  be  orthoclase,  but  are  too  much 
iestroyed  to  allow  of  identification.  These  crystals  are  of  earlier 
X)n8olidation  than  the  hornblende  and  tourmaline. 

The  ground-mass  is  a  finely  granular  admixture  of  quartz  and 
)rthoclase,  as  in  an  ordinary  *'  micro-granite,"  but  containing  in 
iddition  another  mineral  which  is  often  plentiful.  It  occurs  in 
ninute  crystals,  of  acicular  or  rectangular  form,  scattered  through 
he  ground-mass  or  included  by  the  other  constituents,  and  having 
iBually  a  fluxional  arrangement  agreeing  with  that  of  the  parallel 
lornblende  and  tourmaline  streams.  The  mineral  is  colourless,  or 
in  the  larger  crystals  gives  for  vibrations  parallel  to  the  long  axis  a 
faint  tint  of  indigo-blue.  The  crystals  give  high  polarisation  colours 
md  straight,  or  nearly  straight,  extinction.  They  have  a  high 
refractive  index,  which  causes  them  to  stand  out  in  relief  when 
newed  by  ordinary  transmitted  light.  They  may  perhaps  be 
uiother  generation  of  tourmaline. 

These  acicular  crystals  evidently  belong  to  an  early  stage  of  the 
solidification  of  the  magma,  and  it  is  important  to  notice  that  their 
disposition  agrees  with   the  fluxional  arrangement  of  the  visible 
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black  orystals,  which  mnst  have  consolidated  almost  at  the  same  time 
as  the  granular  ground-mass.  The  structure  of  the  rock  seems  not 
incompatible  with  the  idea  that  it  was  formed  in  the  pipe  of  a  dying 
volcano,  when  the  upward  flow  became  gradually  arrested  and  the 
remainiug  magma  slowly  solidified  into  a  plug  under  the  pressure  of 
the  superiucumbent  column.  Tourmaline,  though  not  a  constituent 
of  true  lavas,  is  by  no  means  unknown  in  the  quartz-porphyries  of 
some  other  districts :  the  blue  variety  occurs,  for  instance,  in  the 
Harz  Mountains. 

P.S. — With  reference  to  the  discovery  of  glaucophane  in  Anglesey, 
announced  by  Prof.  Blake  in  the  March  Number  of  this  Magazine, 
it  may  be  noted  that  the  blue  amphibole  of  the  Mynydd  Mawr  rock 
diflfers  from  that  mineral  in  the  character  of  its  absorption  and 
pleochroism,  as  well  as  in  the  absence  of  crystal  form  and  of  the 
peculiar  ''cross-jointing."  Qlaucophane  has  not,  I  believe,  been 
recorded  from  non-metamorphic  igneous  rocks.  A  good  risume  of 
the  literature  relating  to  this  mineral  has  recently  been  given  by 
Oebbeke.^ 


V. — Note  on  the  Spicules  desobibed  by  Billings  in  Connection 
WITH  THE  Structure  op  Abjch^octathus  MmaANBNsis, 

Bj  Gborob  Jbnninos  Hdtdb,  Ph.D.,  F.G.S. 

IN  "The  Palaeozoic  Fossils  of  Canada,"  vol.  i.  p.  3,  the  late 
Mr.  Billings  stated  that  by  treating  a  silicified  specimen  of 
Archceocyathn8  Minganensis  with  acid,  he  ascertained  that  it  contained 
numerous  siliceous  spicula — slender,  fusiform,  slightly  curved,  acute 
at  both  extremities  —  and  that  these  fossOs  must  therefore  be 
classified  among  the  extinct  tribes  of  sponges.  Referring  again  to 
this  species  in  the  latter  part  of  the  same  volume  (pp.  354-357), 
this  author  states  that  he  had  found  the  same  spicula  present  in  great 
numbers  in  another  large  species,  Tnchospongia  sericea,  and  that  it 
therefore  remained  an  open  question  whether  they  actually  form 
part  of  the  structure  of  ArchcBoqfathuSj  or  belonged  to  Trichospangia, 
In  addition,  however,  to  these  simple  detached  spicules,  Mr.  Billings 
describes  and  figures  (loc,  eit.  p.  355,  fig.  344)  ''  branching  spicula," 
which  *'  are  seen  imbedded  in,  and  forming  a  part  of,  the  substance 
of  the  outer  wall  of  A,  Minganensis,^^  No  doubt  could  be  enter- 
tained that  these  so-termed  branching  spicula  really  belonged  to  the 
fossil,  since  they  could  "  be  seen,  not  only  projecting  from  the  surface 
of  the  silicified  specimens,  but  also  in  the  thin  slices  prepared  for 
the  microscope." 

Since  the  description  of  ArchcBocyathus  by  Mr.  Billings  appeared, 
the  nature  of  this  fossil  has  been  investigated  and  referred  to  by 
several  eminent  palaeontologists,  amongst  whom  may  be  mentioned, 

>  See  Ueber  den  Glaukophan  und  seine  Yerbreitun^  in  Gesteinen,  von  Herm  E. 
Oehbeke,  Zeitsch.  der  deutschen  (>eologischen  Gesellscnaft,  1886,  vol.  38,  p.  634. 
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Meek,*  Dawaon,*  Ferd.  Hoemer,'  Bonisraani],*  Walcott,*  and  Schliiter,* 
hot  it  oannot  as  vet  be  said  that  any  gatisfactory  or  decieive  con- 
olnaion  as  to  ita  character  and  aSiaitiee  haa  been  arrived  at.  Mr, 
Billinga'a  statement  ai  to  its  apicnlar  etruoture  has  coBBiderably 
iDoreased  the  perplexity  of  the  aubjeot  and  influenced  opinion  in 
favour  of  its  alliance'  to  sponges;  any  fresh  information  therefore 
respeoting  the  nature  of  these  spicules  and  their  relation  to  the  fossil 
ArehBoegalhw,  may  help  to  remove  an  element  of  uncertainty  in  the 
ooosideratioti  of  the  question  as  to  its  true  nature. 


^f'- 


?ig.  I.  Detaelied«picnIeHof  eiliceou9apoTig«80ccurring  inspecimBiisof  ^nDoDiTyaMiw 
MingtauntU,  Itillinga.  snd  tha  so-termed  brEiDCbing  spicuU  of  the  rame  fossil. 
a.  AcuBia  ipicule,  shawiag  traces  of  the  aiial  canal,  b,  c,  d.  Different  fomu 
of  aoerat«  spicules  ;  in  ifi)  the  axial  caaal  ia  partially  preserTed.     r,  Fragment 

of  a  cylindrical  spicule  r"- — '--  *'■-     ---'   '       '      — ' ^  '-  "--   

•eate  o{  10    " 


ing  the  I 
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/^  9<  h,   i,   Silicified  fragmenla  of  the  oator  wall  of 
__    --    ,  ,  H)-called   "branching  spiculi"  of   Billings.      Bednced 

from  Billings  to  the  scale  of  10  diameters. 
Through  the  kindness  of  Sir  J.  W.  Dawson,  P.R.S.,  I  have  been 
snppliod  with  a  small  quantity  of  the  original  material  obtained  by  Hr. 
Billings  through  treating  fragments  of  rock  containing  ATohtBocyaOma 
with  acid,  and  irom  which  the  spicules  were  procured,  which,  aa 
already  mentioned,  have  been  described  and  figured  as  probably 
belonging  to  this  fossil.  The  coarser  portions  of  this  residual  debris 
are  irregular-shaped  siliceous  frsgrnents,  of  a  grey  tint,  showing  io 

■  Amsiican  Jonrn.  of  Science,  n.s.  vol.  4S  (ISflS),  p.  62  ;  toI.  IS,  p.  111. 

'  Life's  Dawn  on  Karth,  p.  161, 

'  Lethtea  Palsozcica.  p.  301. 

'  Vsreteinerungen  der  Insel  Sardinian  (1888),  p.  28. 

'  Cambrian  Faunas  of  .North  America,  Bull.  No.  30,  U.S.  Geol.  Sutt.  (1886),  p.  72. 

*  Zeitsch.  d.  deutBch.  Geol.  Gesallaeh.  18B6,  p.  8a9. 

'  Thus  we  find  one  uf  the  latest  writers  on  it,  Mr.  C.  D.  Walcott,  atatinp  that  the 
ITCKnce  of  spicnlfe  in  this  Bpei;ies  associatJ^  it  with  thii  Spongibi^,  close  to  the  family 
BuBtidflB  of  Zittel,  and  he  considerB  that  the  spiculit  "  in  several  of  the  speeiea  have 
ben  lost  in  the  crjiUUizatian  of  the  calciu  now  forming  the  skeleten,"  l.c.  (.  60. 
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places  on  their  outer  surfaoes  small  rounded  granules  like  those  of 
Beekite.  The  fragments  are  in  part  porous,  and  several  of  them 
are  filled  with  fragmentary  spicules  dispersed  irregularly  in  the 
rock,  and  apparently  in  various  stages  of  dissolution.  In  the  finer 
debris  are  smaller  particles  of  silica  and  detached  entire  and  broken 
spicules.  From  these  I  have  picked  out  iairly  complete  fusiform 
acerate  spicules  (Fig.  1,  6,  c,  d),  acuate  or  pin-shaped  spicules  (a), 
and  portions  of  nearly  cylindrical  forms  {e).  The  spicules  are  of 
chalcedonio  silica,  aud  their  axial  canals  are  preserved  in  many 
instances.  They  are  common  types  of  siliceous  monactinellid 
spicules,  and  belong  to  at  least  four  species  of  sponges.  Forms 
of  a  similar  character,  and  similarly  detached,  are  very  abundant 
in  the  cherty  beds  of  the  Yoredale  rocks  of  Yorkshire.  .  I  have 
but  little  doubt  that  these  siliceous  fragments  from  the  Mingan 
strata,  in  which  Archceocyathus  occurs,  have  been  produced  by  the 
dissolution  of  the  spicules  of  disintegrated  monactinellid  sponges, 
and  the  redeposition  of  the  silica  as  Beekite. 

I  have  not,  however,  detected  in  the  debris  examined  a  single 
fragment  of  the  so-termed  'branching  spicula '  (Fig.  1,  /— *),  described 
and  figured  by  Billings  as  formiug  part  of  the  substance  of  the  outer 
wall  of  A,  Minganensis,  Judging  from  the  figures  given  of  them,  I  do 
not  think  they  can  be  regarded  as  spicules;  they  are  merely  abruptly 
broken  fragments  of  what  appears  to  have  been  a  delicate  continuous 
porous  membrane ;  no  two  of  them  are  similar,  and  they  do  not  bear 
any  definite  resemblance  to  any  sponge  spicules  with  which  I  am 
acquainted.  I  have  no  doubt  that — as  stated — they  form  part  of 
the  outer  wall  of  Archceocyathus  Minganensis^  but  instead  of  being 
'branching  spicula/  they  are  merely  broken  portions  of  the 
calcareous  tissue  of  the  outer  wall,  replaced  by  silica.  The  structure 
of  the  outer  wall  in  the  allied  species  A.  Whitneyi,  Meek,  is  described^ 
as  consisting  of  minute  punctures  so  closely  crowded  that  the  little 
divisions  between  them  are  scarcely  equal  in  breadth  to  the 
punctures  themselves,  and  foim,  as  it  were,  an  extremely  delicate 
kind  of  network,  and  the  so-termed  'branching  spicula'  in  A. 
Minganensis  might  well  be  broken- up  portions  of  a  network  of  this 
character. 

Therefore  as  regards  the  true  sponge-spicules  associated  with 
A.  Minganensis,  it  is  evident  there  is  no  other  connection  between 
them  and  this  species  than  the  accident  of  position,  and  the  so- 
termed  branching  spicula,  which  really  belong  to  this  fossil,  are  ia 
all  probability  mere  siliceous  replacements  of  the  tissue  of  its  outer 
wall.  Thus  in  neither  case  is  there  any  evidence  in  support  of  the 
view  that  Archceocyathus  is  allied  to  siliceous  sponges.  My  know- 
ledge of  this  puzzliug  fossil  is  insufficient  for  me  to  give  a  competent 
opinion  as  to  its  real  nature ;  it  is  fairly  certain,  however,  that  its 
iKeleton  was  originally  calcareous,  and  it  is  just  possible  that  carefol 

examination  might  give  a  clue  to  its  relations. 

^  American  Joum.  Sci.  vol.  xIt.  p.  62. 
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2TOa?IOES   OIF   l^EJ3^0IiaS. 
Two  New  Forms  of  Poltodont  and  Gonobhtnohid  Fishes 

I    THE    EOOENE    OF   THE    BOOKY  MOUNTAINS.      Bj  Prof.  E.  D. 

B.     Mem.  Nat.  Acad.  SoL,  toI.  iii.  pp.  161-165,  with  doable 

3. 

IBS  (Amer.  Nat.  p.  1152)  and  again  in  1885  (ibid.  p.  1090), 
of.  Cope  briefly  noticed  a  portion  of  the  trunk  of  a  fish  from 
ene  of  Wyoming,  displaying  many  points  of  resemblance  to 
ig  Acipenseroid  Folyodon,  but  remarkable  on  account  of  its 
on  of  distinct  scales,  not  confined  to  the  upper  lobe  of  the 
he  genus  and  species  received  the  name  of  Orossopholis  mag^ 
lu8f  and  in  the  present  memoir  Prof.  Cope  adds  a  detailed 
ion,  with  figures,  making  known  also  a  considerable  portion 
skull  of  the  fish.  In  many  respects,  the  cranial  bones  are 
ailar  to  those  of  Polyodon,  but  the  snout  is  relatively  shorter, 
re  closely  corresponds  in  form  to  that  of  Psephurus,  The 
long  and  slender,  with  short  doi*sal  and  anal  fins,  remotely 
,  and  the  former  commencing  slightly  in  advance  of  the  latter, 
les  are  numerous,  in  oblique  series,  not  quite  in  contact ;  and 
nsists  of  a  small  subquadrate  disk,  with  a  row  of  long, 
backwardly-direct^d  spines  arranged  upon  the  posterior 
In  an  individual  measuring  0*170  m.  from  the  anterior 
ty  of  the  dorsal  fin  to  the  notch  of  the  caudal,  the  scales  only 
)  about  one  millimetre  each  way  :  the  caudal  fulcra  are  large 
)ng.  Another  novelty  from  the  Wyoming  shales  first  noticed 
f.  Cope  in  1885  (Amer.  Nat.  p.  1091)  is  also  figured  and 
id  in  detail,  namely,  the  Notogoneus  osculus.  This  is  of 
iterest  as  being  scarcely  distinguishable  from  the  living 
mchu8y  except  in  the  dentition ;  for  the  latter  genus — the  only 
itative  of  its  family  previously  known — is  solely  confined  to 

of  South  Africa,  South  and  Western  Australia,  and  Japan, 
remarked,  "  The  discovery  of  this  type  in  the  Eocene  beds  of 
Lmerica  is  a  notable  addition  to  ichthyo logical  science.     It  is 

with  the  occurrence  of  the  family  of  the  GsteoglossidsB  in 
le  formation,  a  family  also  now  confined  to  the  Southern 
here."  The  memoir  concludes  with  a  figure  and  description 
tail  Friscacara^  supposed  to  be  adult  and  referable  to  a  new 
P ,  hypsacaiUhus ;  and  it  is  also  added  that  a  newly  acquired 
n  of  P.  serrata  displays  massive  superior  and  inferior  pha- 
bones,  covered  with  obtuse  grinding  teeth.  A.  S.  W. 


CENE  Chelonia  from  the  Salt  Range.  By  R.  Lydekker, 
.,  F.G.S.  Palaeont.  ludica,  ser.  10,  vol.  iv.  pp.  59 — 65, 
3S  xii.  and  xiii.     1887. 

interesting  Chelonian  fossils  were  obtained  from  the  Lower 
)cene  of  Nila,  in  the  Punjab  Salt- Range,  by  Dr.  H.  Warth, 
I,  and  presented  by  him  to  the  Indian  Museum,  Calcutta. 
)rm  the  subject  of  the  present  memoir,  and  are  interesting 
^  the  only  known  Indian  Chelonia  of  earlier  date  than  those 
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of  the  Siwalik  period,  with  the  exception  of  the  Bmall  Platemys 
Leiihi  from  the  inter-trappean  beds  of  Bombay.     The  first  specimen 
described  comprises  the  greater  portion  of  the  carapace  and  plastroii 
of  a  Pleurodiran  Ghelonian,  characterized  by  the  absence  of  epidermal 
shields.     In  the  latter  feature  it  agrees  precisely  with  the  genus 
Carettochelys,  recently  discovered  by  Dr.  E.  P.  Ramsay  in  the  Fly 
Eiver,  New  Guinea,  and  may  therefore  be  placed  in  the  family  of 
Caretlochelyida,  as  defined  by  Boulenger;  its  generic  distinctness, 
however,   is  indicated  by  the  neural  plates  being  in  contact,  not 
separated  by   the  costals,  and  also  perhaps  by  the  presence  of  a 
mesoplastron.     The  plastron  is  marked  by  a  pitted  sculpture,  and 
the  genus  and  species  receives  the  name  of  Hemichelys  Warthi.    The 
second  fossil  is  much  less  complete  than  the  first,  and  is  provision- 
ally referred  to  a  new  species  of  Podocnemis,  under  the  name  of  P. 
indica.    The  greater  portion  of  the  carapace  is  preserved,  and  its 
total  length  would  probably  be  about  35  inches ;  it  is  oval,  tectiform, 
not  keeled,  and  narrowed  posteriorly.     Though  now   confined  to 
South  America,  the  occurrence  of  Podocnemis  and  Platemys,  in  the 
Indian  Tertiaries,  is  not  an  altogether  unexpected  fact,  the  former, 
at  least,  also  being  met  with  in  the  Lower  Eocene  of  England ;  and, 
•  as  Mr.  Lydekker  remarks,  the  available  evidence  now  seems  to  point 
to  the  conclusion,  that  the  original  habitat  of  this  group  of  fresh- 
water Chelonia  was  in   the  northern  portion  of  the  Old  World, 
whence  they  have  been  driven  perhaps  by  the  competition  of  the 
Emydians.  A.  8.  W. 

III. — Om  PoSTGLAOIALA  AFLAGBINGAR    MBD  AnCYLUS   FLUriATILIS  PA 

Gotland.     Af  Henb.  Munthb.     Ofversight  af  Eongl.  Vetensk.- 
Akad.  Forhandlingar,  1887,  No.  10,  pp.  719-732. 

On  Post-Qlacial  Deposits  with  Anctlus  fluviatilis  on  the 

Isle  op  Gotland.     By  Henby  Munthe. 

DUKING  the  last  three  summers  the  author  of  this  paper  has 
been  investigating  the  Quaternary  deposits  of  the  Isle  of 
Gotland,  and  he  has  discovered  in  various  localities  shore-deposits 
or  raised  beaches  ( Strand vallar)  at  different  elevations  up  to  160  feet 
above  the  present  sea-level,  which  contain  the  shells  of  freshwater 
moUusca  exclusively,  more  particularly  of  Ancylus  fluviatilis  and 
Limnaa  ovata.  These  deposits  consist  of  rounded  stones,  coarse  and 
fine  gravels,  and  intercalated  beds  of  fine  sand,  they  are  chiefly  re- 
arranged glacial  deposits  foi-med  from  the  limestone  of  the  district 
The  shells  usually  occur  in  the  layers  of  sand.  In  24  localities 
examined,  the  L.  ovata  is  found  in  all  save  one,  and  the  Ancylus  in 
19,  whilst  species  of  Pisidium  are  present  in  10.  Other  species  of 
less  frequent  occurrence  are  LimnoBa  palustris,  Planorhia  contortus  and 
marginatus,  Valvata  cristata  and  Bythinia  tentaculata,  with  some 
Ostracoda.     The  shells  are  usually  well  preserved. 

Some  of  these  raised  shelly  beaches  are  situated  on  the  summits 
^  of  partially  or  entirely  isolated  limestone  plateaux,  where  there  is 
Hlj^  the  le&at  ground  for  supposing  the  former  existence  of  small 
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freshwater  lakes,  nor  is  there  any  possibility  that  the  shells  can  have 
been  washed  into  the  sea  by  rivers  and  then  re-deposited  in  the 
beaches.  The  author  believes  that  these  beaches  were  formed  at  a 
time  when  the  Baltic  was  a  freshwater  sea  containing  a  moUusoan 
faona  whose  principal  representatives  are  the  above-named  species 
of  AneyluM  and  lAmncBa. 

There  are  also  on  the  Isle  of  Gotland  raised  beaches  of  marine 
origin  containing  Litorina,  eta,  which  are  seldom  at  a  higher  level 
than  50  feet,  though  one  has  been  described  by  Lindstrom  near 
Wisby,  which  is  80  feet  above  the  sea-level.  The  marine  raised 
beaches  are,  however,  at  a  distinctly  lower  level  than  those  with 
freshwater  shells,  and  must  have  belonged  to  a  later  period,  when 
the  freshwater  fauna  had  been  supplanted  by  marine  forms. 

Shell-beaches  of  a  similar  character  and  relative  position,  and  con- 
taining the  same  freshwater  mollusca,  have  been  described  by  Friedr. 
Schmidt  in  Esthonia  and  on  the  islands  of  Osel  and  Mohn,  but  this 
author  regards  them,  in  part  at  least,  as  river-deposits,  although  there 
are  no  distinct  traces  of  old  river-beds  in  the  localities  where  they 
occur.^  Prof.  James  Geikie  has  also  referred  to  these  Bussian 
deposits  as  indicating  that  the  Gulfs  of  Finland  and  Bothnia  were 
freshwater  seas  at  the  close  of  the  Glacial  period. 

Further  discoveries  are  requisite  before  it  is  possible  to  lay  down 
approximately  the  limits  of  the  Baltic  at  the  time  when  these 
(jotland  freshwater  beaches  were  formed,  or  to  ascertain  the  nature 
and  position  of  the  barrier  which  dammed  its  waters  150  feet  above 
their  present  level ;  but  the  author  concludes  that  its  northern  half 
at  least,  together  with  the  Gulfs  of  Finland  and  Biga,  formed  at  the 
time  a  single  freshwater  basin.  G.  J.  H. 
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L— March  28,  1888.— W.  T.  Blanford,  LL.D.,  F.B.S.,  President, 
in  the  Chair. — The  following  communications  were  read  : — 

1.  "  On  some  Eroded  Agate  Pebbles  from  the  Soudan."  By  Prof. 
V.  Ball,  M.A.,  F.B.S.,  F.G.S. 

The  majority  of  the  pebbles  in  a  collection  made  by  Surgeon- 
Major  Greene  in  the  Soudan,  and  presented  by  him  to  the  Science 
and  Art  Museum  in  Dublin,  are  of  very  similar  character  to  the 
agate  and  jasper  pebbles  derived  from  the  basalts  of  India.  It  may 
be  concluded  inferentially  that  they  came  originally  from  a  region 
in  which  basaltic  rocks  occur  to  a  considerable  extent.  A  certain 
number  of  them  are  eroded  in  a  manner  unlike  anything  noticed 
in  India,  though  it  is  probable  that  similar  eroded  pebbles  will 
eventually  be  found  there. 

Throughout  India,  wherever  there  is  deficient  subsoil-drainage 
or  exoesbive  evaporation  and  limited  rainfall,  salts  are  apparent 
either  in  supersaturated  subsoil -solutions  or  as  crystallizations  in 

'  Prehistoric  Europe,  p.  470. 
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the  soil.  They  are  most  abundaDt  in  basaltio  regionty  and  in  a 
lake  occupying  a  hollow  in  the  basalt  in  Berar  carbonate  of  soda  is 
deposited  in  abundance  from  the  water,  which  becomes  super- 
saturated during  the  summer. 

The  author  commented  on  the  efficacy  of  such  a  liquid  as  a  solvent 
of  silica,  and  noticed  the  selective  action  of  the  agent  which  had 
a£fected  the  Soudan  pebbles  and  had  corroded  some  layers  more  than 
others  ;  he  suggested  that  while  this  might  be  to  some  extent  due 
to  diflferences  in  composition,  it  was  more  probably  owing  to  differ- 
ences of  nodular  constitution.  He  considered  it  unnecessary  to  refer 
to  the  action  of  humic  acid,  because  while  the  salt  to  which  the 
solvent  action  is  attributed  would  be  capable  of  doing  such  work, 
and  would  be  probably  abundant  in  the  region  referred  to,  we  could 
not  expect  any  great  amount  of  humic  acid  in  the  same  area. 

2.  **  On  the  Probable  Mode  of  Transport  of  the  Fragment*  of 
Granite  and  other  Rocks  which  are  found  imbedded  in  the  Carboni- 
ferous Limestone  of  the  Neighbourhood  of  Dublin."  By  Prof.  Y. 
Ball,  M.A.,  F.R.S.,  F.G.S. 

Angular  fragments  of  granite  and  of  schist,  quartzite,  and  vein- 
quartz,  such  as  might  have  been  derived  from  the  metamorphosed 
rocks  which  rest  on  the  granite  near  Dublin,  have  been  discovered 
in  beds  of  Carboniferous  Limestone,  which  often  contain  fragments 
of  fossils,  especially  Encrinites.  They  have  been  previously  noticed 
by  Professor  Haughton,  Mr.  H.  B.  S.  Montgomery,  Prof.  Jukes,  and 
Mr.  CrolL  While  Prof.  Jukes  refers  their  transportation  to  the 
agency  of  land-plants,  Mr.  Croll  quotes  their  occurrence  in  support 
of  his  argument  as  to  the  existence  of  glacial  conditions  during 
the  Carboniferous  period. 

The  author  observed  that  the  specimens  exhibited  none  of  the 
indications  of  the  existence  of  glacial  conditions,  whether  we  regard 
the  characters  of  the  boulders  or  the  nature  of  the  rock  in  which  they 
are  imbedded,  which  contains  no  such  silt  as  that  occurring  in  the 
boulder-bed  of  the  Talchir  formation.  "Whilst  rejecting  the  view 
that  they  were  transported  by  ice,  he  pointed  out  that  they  need  not 
necessarily  have  been  carried  by  land-plants,  but  that  they  might 
have  been  torn  from  the  sea-floor  by  marine  algae,  some  of  which 
may  have  had  a  more  buoyant  character  than  those  of  modem  seas. 
He  cited  the  case  of  a  sandy  beach  in  the  neighbourhood  of  Youghal, 
which  is  strewn  with  limestone  fragments,  which  had  been  conveyed 
by  seaweeds  thrown  up  after  storms  from  submarine  banks. 

It  was  suggested  that  the  occurrence  of  natural  fissures  in  the  rocks 
and  cracks  produced  by  concussions  from  large  masses  hurled  about 
by  the  waves  might  sufficiently  explain  how  the  fragments  could  be 
freed  from  the  main  mass  of  the  reefs  under  the  stress  of  the  waves. 

3.  "  The  Upper  Eocene,  comprising  the  Barton  and  Upper  Bag- 
shot  Formations."  By  J.  Starkie  Gardner,  Esq.,  F.G.S.,  and  Henry 
Keeping,  Esq.,  with  an  Appendix  by  H.  W.  Monckton,  Esq.,  F.G.S. 

The  familiar  Upper  Eocene  having  been  transferred  to  the  Oligo- 
oene,  the  remaining  uppermost  division  of  the  Eocene  bears  the  title 
Middle*     JJuleBH  the  considerable  literature  relating  to  the  Brackle- 


Geological  Society  of  London.  233 

sham,  the  Calcaire  Orossier,  and  the  Nummulitio,  is.  to  be  rendered 
obsolete,  tbeir  classification  as  Middle  Eocene  must  be  preserved,  and 
a  modified  Upper  Eocene  constructed  out  of  the  Barton  series.  The 
authors'  proposal  is  that  the  following  should  be  adopted  : — 

London  Area  Hampshire  Area. 

Upper  Barton. 

Miadle     „ 

Upper  Bagshot  Sands.  Lower      „ 

The  base  of  the  formation  is  not  sharply  defined,  but  it  coincides 
with  the  final  disappearance  of  several  subtropical  MoUusca,  and 
almost  with  the  extinction  of  Nummulites  in  our  area.  The  upper 
limit  is  drawn  at  the  base  of  the  Lower  Headon,  where  the  brackish 
faona  gives  place  to  one  of  fresh  water. 

The  conditions  of  deposition  were  examined  at  some  length,  and 
evidence  in  support  of  the  estuarine  origin  of  the  formation  was 
adduced.  The  section  in  Christchuroh  Bay  was  described  first,  and 
the  thickness  and  characteristics  of  each  subdivision  given,  the  total 
reaching  170  to  180  feet  It  commences  with  45  feet  of  whitish  sand, 
and,  in  ascending  order,  a  pebble-bed,  II  feet  of  greenish  clay,  and 
a  band  of  imperfect  ironstone  underlying  the  zone  of  Nummulites 
eUgans.  Then  20  feet  of  stiff  drab  clay,  13  feet  of  drab  clay  with 
sand-drifts,  and  12  feet  of  the  same,  known  as  the  Highcli£f  Sands. 
The  Lower  Barton  terminates  with  the  Pholadomya-ho^,  The  fauna 
of  this  division  comprises  many  Bracklesham  species,  which  range 
no  farther  up,  and  a  large  number  of  peculiar  species.  The  most 
convenient  base-line  for  the  Middle  Barton  is  the  lowest  of  several 
bands  of  Septaria,  which  distinguish  the  50  feet  of  drab  clays  which 
are  comprised  in  it,  and  it  terminates  in  a  very  remarkable  formation 
known  as  the  shell-bed,  which,  though  only  a  foot  or  two  thick  at 
Highcliff,  thickens  to  about  15  feet  to  the  east,  and  to  22  feet  in  the 
new  Christchuroh  cutting.  The  finest  Barton  fossils  are  obtained  from 
the  Middle  division ;  but  though  so  many  splendid  species  characterize 
it,  few  are  absolutely  confined  to  it.  The  upward  range  of  a 
further  number  of  Bracklesham  species  ceases  at  the  shell-bed. 
The  Upper  Barton  includes  the  C/iawa-bed,  the  Becton  Bunny  and 
the  Long- Mead-End  beds. 

The  Becton  Bunny  beds,  52  feet  thick,  are  sand  in  the  lower  half 
and  sandy  clay  above — Oliva  Branderi  is  the  characteristic  fossil, 
and  a  large  number  of  bivalves  and  brackish  Ueadon  Gasteropods 
come  in.  Opinions  have  diflfered  considerably  as  to  whether  these 
beds  should  be  included  in  the  Bartons.  The  series  closes  with  the 
Long-Mead-End  Sands,  20  feet  thick,  with  similar  fossils,  and  formerly 
known  as  the  Upper  Bagshot  Sands  of  the  Hampshire  basin.  The 
section  is  continued  without  any  break  into  the  Lower  Headon. 

The  next  section  described  was  that  exposed  in  the  cuttings  for  the 
new  line  from  Brockenhurst  to  Christchurch,  and  here  great  changes 
in  the  relative  thicknesses  are  seen,  confirming  the  view  that  the 
Barton  formation  is  the  local  deposit  of  a  limited  estuary.  The 
CAa ma-bed  remains  18  feet  thick,  but  the  shell- bed  thickens  to  22 
feet,  and  the  drab  clay  with  Septaria  is  only  10  f^ftl.    TVi^  \i\ij\ftx- 
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lying  greenish  compact  clay  looks  like  Lower  Barton,  bat  may  belong 
to  t))e  Middle.  The  Upper  Bartons  are  much  weathered  and  on- 
fossiliferous,  but  the  Paludina-heda  of  the  Lower  Headon  do  not 
appear  for  3900  yards  east  Some  of  these,  2330  yards  west  of  the 
Brocken hurst  road,  are  violently  contorted. 

The  Alum-Bay  section  was  then  compared  with  those  previously 
given,  and  the  authors  also  noticed  the  Bracklesham,  Stubbington, 
and  Hunting-Bridge  sections  to  show  the  transitional  character  of 
the  highest  of  the  Bracklesham  beds.  The  paper  concluded  with  an 
analysis  of  the  fauna,  and  carefully  revised  and  tabulated  lists. 

Mr.  Monckton,  in  his  Appendix,  stated  that  in  the  London  basin 
the  Barton  beds  are  represented  by  the  Upper  Bagshot  Sand,  a  mass 
of  yellow  or  nearly  white  sand  without  clay-beds,  though  often 
loamy.  Its  greatest  proved  thickness  is  228^  feet,  and  the  base  is 
marked  by  a  very  persistent  bed  of  pebbles. 

Its  extent  is  considerably  greater  than  is  shown  on  the  Geological 
Survey  map. 

Casts  and  impressions  of  shells  are  abundant  in  some  places,  but 
recognizable  species  have  only  been  found  at  Tunnel  Hill  near  North 
Camp  Station,  Aldershot  A  large  collection  from  this  place  had 
been  made  by  Mr.  Herries  and  by  the  author. 


IL— April  11,  1888.— W.  T.  Blanford,  LL.D.,  F.RS.,  President, 
in  the  Chair. — The  following  communications  were  read  : — 

1.  "  On  the  Lower  Beds  of  the  Upper  Cretaceous  Series  in 
Lincolnshire  and  Yorkshire."     By  W.  Hill,  Esq.,  F.G.S. 

The  Red  Chalk  which  forms  the  basement-bed  of  the  Upper 
Cretaceous  in  Lincolnshire  and  Yorkshire  is  a  continuation  of  the 
Hunstanton  Limestone.  Its  thickness  increases  in  South  Lincoln- 
shire to  thin  away  again  in  the  north  of  that  county ;  but  it  again 
increases  north  of  the  Humber  for  a  while.  Near  its  most  north- 
westerly exposure  on  the  Yorkshire  Wolds  the  red  colour  is  lost ; 
but  Jnoceramus  sulcatus  and  Belemnites  minimus  are  found  in  a  dirty 
yellow-coloured  material  of  trifling  thickness.  Eastwards  it  regains 
its  red  colour  and  thickness,  so  as  to  be  upwards  of  30  feet  at  Speeton, 
where  also  it  is  less  calcareous.  This  section  was  described  in  detail, 
and  the  results  compared  with  those  of  other  writers.  The  author 
speculated  upon  the  probable  limits  of  the  Upper  Cretaceous  sea  at 
this  period  on  evidence  mainly  based  upon  the  amount  of  matter 
of  inorganic  origin.  He  noted  that  Am.  interruplus  has  been  found  at 
Withcall,  Am,  rosiratus  at  South  Cave,  and  Am,  ?  auritus  at  Wharram 
Grange. 

The  base  of  the  Chalk  Marl  through  Lincolnshire  continues  to 
be  marked  by  a  bed  of  compact  limestone,  which  is  the  representative 
of  the  "  sponge-bed "  of  Hunstanton.  This  can  also  be  traced  in 
Yorkshire  as  far  as  the  north-western  extremity  of  the  Wolds. 
Above  this  a  few  feet  of  grey  gritty  chalk  retain  the  character  of 
the  **  InoceramuS'hed  "  throughout  the  area  above  mentioned.  At 
the  north-western  extremity  of  the  Wolds  the  main  mass  of  the 
Ohalk  Marl  has  diminished  in  thickness,  but  more  than  recovers 
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his  at  Speeton,  where,  aooording  to  the  chemioal  and  miorosoopioal 
mdence,  there  is  a  complete  passage  from  the  ^*  Gault "  to  the 
'  Chalk  Marl."  The  peculiar  development  of  the  latter  at  Speeton 
Mras  very  fully  described.  No  bed  such  as  the  Cambridge  Greensand 
>r  the  Chloritic  Marl  can  be  taken  as  a  line  of  separation. 

Throughout  Lincolnshire  and  Yorkshire  certain  courses  of  grey- 
)olouTed  ohalk  are  recognizable  on  the  horizon  of  the  Totternhoe 
^tone :  these  are  known  collectively  as  the  ''  Grey  bed."  Much 
x)mminuted  shell  and  numerous  Pectens  characterize  this  bed,  which 
8  faintly  recognizable  even  at  Speeton.  The  "  Grey  bed "  deter- 
nines  the  upper  limit  of  the  Chalk  Marl.  The  equivalents  of  tlie 
jfrey  Chalk  vary  less  in  thickness  throughout  the  area  than  those 
ilready  described.  Certain  lithological  characters,  which  first  begin 
;o  manifest  themselves  in  the  marly  beds  just  above  the  Totternhoe 
^tone  in  Norfolk,  become  greatly  developed  in  South  Lincolnshire, 
md  throughout  that  county,  as  in  Norfolk,  the  Grey  Chalk  is 
isually  of  a  marly  nature.  In  Lincolnshire  there  is  much  red 
x>louration  on  this  horizon.  The  occurrence  of  Belemnitella  plena  in 
Lincolnshire  has  been  recognized.  The  band  of  bluish  black  clayey 
material  in  which  it  occurs  at  Barton  continues  throughout  Yorkshire, 
)ut  no  Belemnite  has  yet  been  found.  Allusion  was  made  to  the 
characteristic  features  towards  the  base  of  the  Middle  Chalk.  Lists 
»f  fossils  were  given,  and  a  new  species  of  Bolaster  {H,  rotundus) 
vaa  described.  Numerous  chemical  analyses  and  microscopic  details 
»f  structure  were  also  given. 

2.  "  On  the  Cae-Gwyn  Cave,  North  Wales."  By  Henry  Hicks, 
il.D.,  F.R.S.,  F.G.S.,  with  an  Appendix  by  C.  E.  De  Ranee,  Esq., 
r.G.8. 

The  author  gave  an  account  of  the  exploration  of  the  cavern 
luring  the  latter  part  of  1886,  and  during  1886-7.  He  considered 
hat  the  results  obtained  during  that  time  proved  conclusively  that 
here  was  no  foundation  for  the  views  of  those  who  contended  that 
he  drift  which  covered  over  the  entrance  and  extended  into  the 
avern  was  remani^,  but  they  proved  that  the  deposits  which  lay 
ver  the  bone-earth  were  in  situ,  and  were  identical  with  the  normal 
;lacial  deposits  of  the  area.  These  deposits  had  once  extended  con- 
inuously  across  the  valley,  and  the  cavern  (400  feet  above  Ordnance 
latum)  had  consequently  been  completely  buried  beneath  them. 

The  cave  must  have  been  occupied  by  animals  during  the  formation 
f  the  bone-earth,  before  any  of  the  glacial  deposits  now  found  there 
ad  accumulated,  and  a  thick  floor  of  stalagmite  had  covered  this 
earth  "  before  the  cavern  had  been  sulg'ected  to  water-action.  This 
ction  had  broken  up  the  floor,  and  completely  re-sorted  the  materials, 
Qd  added  sandy  and  gravelly  material  to  the  deposits  ;  this  sand  and 
ravel  had  been  examined  by  Prof.  Boyd  Dawkins,  who  found  that 
agreed  in  every  particular  with  the  glacial  sand  and  gravel  occurring 
i  the  valley  a  little  way  above.  The  large  limestone  blocks  in  the 
ivem  had  also  been  evidently  disturbed  by  water-action ;  they  were 
variably  found  in  the  lowest  deposits,  and  were  covered  over  by 
minated  clay,  sand,  and  gravels.     The  author  considered  it  certaiu 
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that  the  caverns  had  been  completely  filled  with  these  materialsy  and 
in  the  case  of  the  Gae-6wyn  cave  they  appeared  to  have  been  con- 
veyed mainly  throagh  the  entrance  recently  discovered  nnder  the 
drift.  The  stratification  at  this  entrance  was  so  marked,  and  could 
be  traced  eo  continuously  inwards  over  the  bone-earth,  that  there  could 
be  no  doubt  that  this  was  the  main  entrance.  There  was  not  the 
slightest  evidence  that  any  portion  of  the  material  had  been  conveyed 
in  through  a  swallow-hole,  and  the  conditions  witnessed  throughout 
were  such  as  to  preclude  any  such  idea. 

The  author  quoted  a  Eeport  by  Dr.  G^ikie,  who  considered  that 
the  wall  of  the  cavern  had  given  way,  but  before  the  deposition  of 
the  glacial  deposits,  which  were  subsequently  laid  down  against  the 
limestone  bank  so  as  to  conceal  this  entrance  to  the  cavern. 

In  conclusion,  he  referred  to  the  presence  of  Eeindeer  remains  in 
these  caves,  in  conjunction  with  those  of  the  so-called  older  Pleisto- 
cene mammalia,  proving  that  these  had  reached  the  area  long  before 
the  period  qf  submergence,  and  evidently  at  an  early  stage  in  the 
Glacial  period.  It  was  important  to  remember  that  Beindeer  remains 
had  been  found  in  the  oldest  river-gravels  in  which  implements  had 
been  discovered.  Man,  as  proved  by  the  implements  discovered, 
was  also  present  at  the  same  time  with  the  Reindeer,  and  it  was 
therefore  natural  to  suppose  that  he  migrated  into  this  area  in 
company  with  that  animal  from  some  northern  soni*oe,  though  this 
did  not  preclude  the  idea  that  he  might  also  have  reached  this  country 
from  some  eastern  or  southern  source,  perhaps  even  at  an  earlier  period. 

Mr.  De  Ranee,  in  an  Appendix,  confirmed  Dr.  Hicks's  observa- 
tions as  to  the  identity  of  the  deposits  outside  the  cavern  with  those 
in  its  interior,  and  noted  the  occurrence  of  limestone  blocks  in  the 
lower  deposits,  not  merely  at  the  spot  where  the  supposed  broken 
wall  was  situated,  but  also  throughout  the  whole  tunnel.  He  stated 
that  the  sand-bed  forming  the  uppermost  cave-deposit  resembled  the 
sand  associated  with  gravels  in  a  pit  400  yards  east  of  the  cave  at 
a  slightly  higher  level.  The  drift  exposed  in  this  gravel-pit  he 
believed  to  be  of  the  same  age  as  that  of  the  Mostyn  and  Bagillt 
pits  to  the  north,  which  were  undoubtedly  overlain  by  Upper 
Boulder-clay.  The  westerly  termination  of  the  bone-earth  outside 
the  cave  had  not  been  determined,  which  he  regretted ;  but  traces 
of  bone  had  been  found  at  a  point  five  feet  from  the  overhanging 
ridge  of  the  cave. 


PAL^ONTOLOGICAL  NOMENCLATURE. 

Sir, — The  questions  raised  by  the  gentleman  signing  himself  Rob. 
W.  Haddow  in  the  Geol.  Mao.  for  November,  1887,  and  discussed 
by  Mr.  S.  S.  Buckman  in  the  March  number,  are  well  worthy  of 
further  consideration  in  your  pages. 

I  confess  that  I  largely  agree  with  Mr.  Haddow  in  bis  protest 
against  the  entire  suppression  of  the  old  genus  Ammonitei,  and 
i  would  reply  to  Mr.  Buckman,  (1)  that  the  genera  of  one  family 
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Id  differ  from  one  another  in  characters  of  equivalent  value,  and 
that  it  is  not  necessarily  wrong  **  to  include  in  the  same  genus 
ies  descended  for  a  long  time  through  entirely  different  lines  of 
istors.'*     There  is  in  fact  very  little  wrong  or  right  in  the  matter, 
one  of  convenience  and  of  sensible  proportional  treatment. 
Te  may  admit  that    the   whole   family   Ammonitidaa   requires 
sion  and  reconstruction,  and  possibly  that  it  is  desirable  to  create 
rtain  number  of  new  genera  out  of  the  old  genus  Ammonites, 
I  join  Mr.  Haddow  in  protesting  against  the  infinite  subdivision 
3h  some  paleeontologists  are  trying  to  force  upon  us.     The  old 
ciples  of  classification  may  not  be  defensible,  but  is  it  so  very 
un  that  some  of  the  principles  now  adopted  in  their  stead,  such 
le  form  of  the  mouth,  are  any  better?  Is  there  not  some  analogy 
reen  the  case  of  the  genus  Ammonites  and  that  of  the  genus  Helix, 
^hich  an  infinity  of  peculiar  variations  occur  in  the  shells  without 
important  differences  occurring  in  the  structure  of  the  animals? 
'  mere  sections  and  subgeneric  groups  are  raised  to  the  rank  of 
ira,  the  old  genera  become  tribes  and  subtribes,  and  Mr.  Buck- 
even    wants  us  to  accept  names  for  generic  and  subgeneric 
ps,  ranking  between  genera  and  subtribes.     Surely,  Sir,  such 
irrangement  as  he  gives  us  in  his  Monograph  on  Inferior  Oolite 
nonites  is  the  height  of  cumbrousness,  and  shows  the  absurdity 
'hich  the  system  is  capable  of  being  carried.     Stated  in  full  this 
Qgement  is  as  follows : — 
imt7|/— Ammonitidce. 

Subfamily — ^Ammonites  (note  the  termination). 
Tribe — iBgoceratidsB. 

Subtribe — HarpoceratinsB. 

Generic  group — HammatoceratidsB. 

Generic  subgroup — Hildoceratinse. 
Genus — Ludwigia. 

Species — M  u  rchisonse. 
daily  I  think  a  trinomial  or  even  a  quadriuomial  system  is  better 
this,  which  is  practically  a  septinomial  one.  The  small  section 
group  which  is  here  elevated  into  a  genus  hardly  merits  a  name 
1,  it  is  a  mere  section  of  Harpoceras  which  may  be  regarded  as 
ibgenus  of  Ammonites.  I  therefore  take  up  Mr.  Buckman's 
lenge,  and  would  speak  of  the  species  trinomially  thus — 
Ammonites  (^Harpoceras)  MurchisonoB, 

„  „  „  var.  obtusa. 

y  this  method  it  would  still  be  possible  for  the  stratigraphical 
3gist  to  speak  of  it  as  Ammonites  Murchisonat  while  the  palseon- 
^st  who  makes  a  special  study  of  the  genus  would  doubtless 
lly  call  it  Harpoceras ;  but  no  other  Ammonite  could  receive 
same  specific  name,  whereas,  if  Harpoceras  be  admitted  as  a 
ric  name,  new  species  referable  to  that  genus  might  receive  the 
)  names  as  those  now  applied  to  other  well-known  species  of 
lonites ;  thus  we  might  have  Harpoceras  cordatus,  H,  cristatus, 

i  regards  the  rectification  of  erroneous  identifications,  we  are  of 
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course  indebted  to  Meesrs.  Wright  and  Buckman  for  their  researobes, 
and  if  necessary  the  names  of  species  taken  to  characteriae  given 
zones  must  be  altered  in  accordance  with  their  determinations.  In 
no  department  has  our  nomenclature  yet  reached  perfection,  and  as 
Mr.  Buckman  says,  we  must  effect  changes  of  name  as  our  know- 
ledge increases,  but  at  the  same  time  we  must  agree  upon  general 
systematic  principles.  A.  J.  Jukks-Bbowne. 

Shirlbt,  Southampton. 


GLAUCOPHANE  IN  ANGLESEY. 

Sir,  —The  interesting  paper  by  Prof.  Blake,  **  On  the  Oocnrrence 
of  a  Glaucophane- bearing  Rock  in  Anglesey,"  which  appears  in 
your  March  issue,  suggests  a  question  of  nomenclature  which  is 
likely  to  give  us  some  trouble.  I  am  very  glad  to  have  Prof.  Blake's 
support  in  assigning  an  igneous  origin  to  some  of  the  Anglesey 
schists  ;  but  now  that  they  are  schists  I  should  hesitate  to  call  them 
**  igneous."  In  Prof.  Bonney's  description  (quoted  by  Prof.  Blake) 
of  a  specimen  from  the  Anglesey  column,  the  constituent  minerals 
are  "probably  a  species  of  chlorite,"  "epidote,"  ** quartz  (?),"  and 
"  mica  " ;  and  they  form  "  a  foliated  dense  felted  mass."  According 
to  my  view,  in  which  I  understand  Prof.  Blake  to  acquiesce,  this 
rock  was  once  a  diorite  (hornblende  and  plagioclase).  If  so,  the 
change  from  the  eruptive  rock  to  the  schist  is  surely  entitled  to  be 
called  a  metamorphosis.  If  we  apply  the  term  "  igneous "  to  a 
crystalline  schist  when  we  can  assign  to  it  an  eruptive  origin,  most 
we  call  it  "  aqueous  "  when  we  know  it  was  once  a  sediment  ?  And 
under  what  heud  must  we  class  it  when  its  genesis  is  unknown  to 
us  ?  I  grant  that  in  tracing  a  diorite  or  a  granite  into  a  schist,  we 
cannot  fix  a  hard  boundary-line  between  the  two ;  but  a  similar 
difficulty  meets  us  in  the  study  of  metamorphosed  sediments,  and  it 
is  not  found  to  be  very  serious.  However,  I  write  rather  to  raise 
a  question  than  to  settle  it.  If  we  are  not  to  call  crystalline  schists 
by  the  term  "  metamorpbic,"  how  shall  we  designate  them  ?  They 
would  be  as  sweet  to  me  by  any  other  name. 
Wellington,  Salop.  Ch,  Callaway, 


THE  ATMOSPHERE  OF  THE  COAL-PERIOD. 

Sir, — In  the  review  of  the  2nd  Vol.  of  my  treatise  on  Geology 
which  appeared  in  the  last  number  of  your  Magazine,  your  reviewer 
remarks  (p.  161),  "  llie  author  considers  that,  during  the  Coal-period, 
the  atmosphere  was  more  dense,  and  more  charged  with  moisture  and 
carbonic  acid,  and  he  is  led  '  to  conclude  that  the  coal-growth  was 
in  all  probability  one  of  extreme  rapidity,  and  consisted  of  woods  and 
plants  containing  a  much  larger  proportion  of  carbon  than  any  existing 
forest  vegetation.'  With  regard  to  the  excess  of  carbonic  acid  gas, 
Mr.  Carruthers  has  expressed  an  adverse  opinion,  and  experiments 
made  on  living  plants  have  shown  that  they  are  liable  to  be  poisoned, 
|ta|^  animals,  by  an  excess  of  the  gas."  A  footnote  to  this  passage 
^■klW  to  Qeol.  Mag.  1869,  p.  300,  and  1871,  p.  497.     The  first  is  a 
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paper  '*  On  the  Forests  of  the  Coal  Period,"  in  which  he  remarks  that 
the  plants  ''grew  in  extensive  level  plains.  .  .  .  The  moist  atmo* 
sphere  (not  at  all  Ukely  to  have  been  charged  with  more  carbonic  acid  gas 
than  that  of  our  ovm  day)  ^  would  encourage  the  growth  of  cellular 
'parasites,  etc."  The  second  reference  is  to  a  paper  by  Dr.  H.  Wood- 
ward, "  On  Old  Land  Surfaces."  in  which,  after  quoting  some  remarks 
by  Dr.  Sterry  Hunt  to  the  effect  that  the  atmosphere  of  the  Coal 
period  contained,  as  originally  suggested  by  Brongniart,  a  ''  compara- 
tively, large  amount  of  carbonic  acid,"  he  adds  in  a  footnote,  **  Later 
experiments  have,  however,  proved  that  plants,  like  animals,  are  at 
once  poisoned  by  an  excess  of  carbonic  acid."  Now  the  first  reference 
appears  to  me  only  the  expression  of  an  opinion,  and  in  the  second, 
although  experiments  are  mentioned,  the  reference  is  not  given.  I 
know  of  no  such  experiments,  and  if  your  reviewer  or  any  of  your 
correspondents  can  refer  me  to  any,  I  shall  feel  very  much  obliged. 
The  only  experiments  bearing  on  the  subject,  and  which  show  that 
plants  can  live,  flourish,  and  grow  rapidly  in  an  atmosphere  with  an 
excess  of  carbonic  acid,  I  have  quoted  (p.  120),  and  I  know  of  no 
others.  £xcuse  the  length  of  this  letter,  but  I  am  anxious  for  infor- 
mation on  this  point,  and  should  be  glad  of  confirmation  or  other- 
wise on  this  subject,  which  is  one  of  much  theoretical  interest. 

Darxnt-Hulmb,  Shobeham,  Sbybnoaks,  Joseph  Pbbstwigh. 

lOlh  April,  1888. 


SPURIOUS  FLINT  IMPLEMENTS. 

Sir, — Will  you  kindly  allow  me  space  in  the  Geol.  Mao.  to  inform 
its  readers  who  may  be  collectors  of  Flint  Implements,  that  there  are 
at  the  present  time  being  manufactured  in  London  worked  flints, 
which  are  stated  to  be  genuine,  but  which  are  nothing  of  the  sort, 
and  at  the  same  time  to  say  that  some  of  these  manufactured  flints 
have  been  sold  to  gentlemen  for  a  high  price,  who  are  considered 
authorities  on  the  subject,  and  I  trust  that  should  any  of  ray 
readers  meet  with  such  as  appear  doubtful  they  will  use  their  best 
endeavours  to  expose  and  stop  such  a  fraud.  Geo.  E.  East. 

241,  Eye&ino  Road,  Uppek  Clapton,  E. 


ALPINE    RIVERS    AND   BUNTER   PEBBLES. 

Sib, — Prof.  Bonney's  paper  on  the  **  Rounding  of  Alpine  Pebbles  " 
is  a  valuable  contribution  to  a  chapter  of  physical  geology ;  but 
there  are  one  or  two  considerations  to  which  I  do  not  think  he  has 
given  sufficient  recognition.  (1.)  Weathering  of  debris  on  the 
mountain-sides,  which  often  gives  a  certain  initial  rotundity  to  frag- 
ments of  rocks.  (2.)  The  scouring  action  of  sand  in  a  mountain 
river.  So  far  as  I  can  recall  my  own  Alpine  observations,  I  am 
inclined  to  think  that  where  the  coarser  detritus  is  most  completely 
rounded,  so  that  the  pebbly  form  is  generally  produced,  it  has  been  in 
cases  where  a  large  proportion  of  sandy  detritus  was  present  also. 
On  the  other  hand,  I  have  generally  found  that  at  the  mouths  of 

^  The  Italics  are  mine. 
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Alpine  gorges  where  a  stream  has  had  a  rapid  descent,  so  thai  all,  or 
nearly  all,  the  sandy  materials  have  been  carried  away  and  mutual 
attrition  has  been  the  chief  agency  called  into  play,  the  pebble-form 
has  been  the  exception  mther  than  the  rule. 

I  look  upon  the  variety  of  the  contained  fragments  of  the  Bunter' 
strata  as  one  of  their  most  important  physical  characters.     This  is 
not  only  true  of  such  great  pebble-deposits  as  the  Budleigh  Salterton 
Pebble-bed,  and  those  of  Sutton  Park,  near  Birmingham  ;  but  it  is 
even  more  marked  in  the  Nottingham  type  of  these  beds,  in  which 
generally  the  faoies  presented  to  us  is  rather  that  of  a  coarse  pMly 
sandstone  than  that  of  a  pebble-bed.     In  these  we  find  very  well- 
rolled  pebbles  of  quartz  and  quartzite ;  but  we  also  find  fragments 
of  such  rocks  as  Millstone-grit,  Coal-measure  Sandstones,  Yoredale 
Sandstones,  Magnesian  Limestones,  along  with  occasional  fragments 
and  rolled  masses  of  red  Permian  Marls,  which,  with  those  enumer- 
ated, can  be  traced  to  the  denudation  of  the  Pennine  Highlands. 
These,  together  with  the  intercalated  (often  lenticular)  marly  bands 
formed  in  littoral  pools,  or  in  channels  of  contemporaneous  erosion, 
are  no  doubt  riverine  in  their  origin  ;  and,  so  far  as  I  can  recollect^ 
are  not  generally  worn  into  anything  like  pebbles.     This  certainly 
cannot  be  accounted  for  by  their  relative  hardness.   Facts  of  a  similar 
nature  in  the  Severn  and  Upper  Trent  country,  and  in  Cheshire, 
have  been  recorded  by  Prof.  Hull.    I  regard  the  strata  of  the  Middle 
Bunter,  where  rolled  detritus  chiefly  occurs,  as  a  series  of  shore 
and  bay  deposits,  in  which  riverine  detritus  from  the  ancient  land 
is  to  be  found  mingled  with  pebbles  (large  and  small),  the  latter 
owing  their  shape  mainly  to   the  action  of  a  tidal  surf  and  the 
scouring  action  of  shore-sand.     The  occurrence  of  quartzite  pebbles 
of  Silurian  rocks  with  (occasionally)  casts  of  fossils  of  the  French 
type  (as  recognized  by  Salter)  in  the  Salterton  pebble-bed  (to  the 
extent  of  something  like  90  per  cent.),  the  occurrence  of  similar 
pebbles  with  (occasionally)  casts  of  Silurian  forms  in  the  Warwick- 
shire Bunter,  coupled  with  observations  on  the  work  which  Mr.  Lee 
has  actually  done  upon  hard  rock-fragments  as  they  are  driven  along 
shore  hy  the  roll  of  a  tidal  surf  {e.g,  between  Clovelly  and  Westward- 
Ho),  seem  to  me  to  tell  rather  of  shore-action  than  of  river-action  as 
the  main  factor  concerned  in  the  production  of  the  Bunter  pebbles, 
llie  "  pebbly  sandstone  "  type  of  the  Middle  Bunter  is  that  w^hich 
represents  the  normal  facies,  the  pebble-beds  proper  being  quite  local. 
The  two  types,  however,  pass  laterally  into  one  another;  and  the 
main  factor  concerned  in  their  diflerentiation  was  probably  the  local 
trend  of  the  shore-line  in  relation  to  the  general  direction  of  the 
tidal  flow.     Prof.  Hull's  memoir,  "  The  Permian  and  Triassic  Bocks 
of  the  Midland  Counties  of  England,*'  is  a  mine  of  facts  which  bear 
out  this  view.  A.  Ibying. 

Wbllinoton  College,  Berks. 
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L — On  thb  Chebt  and   Siliceous  Schists  of  the  Pebmo-Cab- 

BONIFEBOUS    StBATA  OF    SpITZBEROEN,   AND    ON    THE   ChABACTERS 

OF  THB  Sponges  thebefbom,  which  have  been  desobibed  bt 
Dr.  E.  VON  DuNiKowsKi. 

By  Gbobob  Jbnnikgb  Hikdb,  Ph.D.,  F.6.S.,  etc. 

(PLATE  VIII.) 

SHORTLY  after  the  publication  of  my  paper  "  On  the  Organic 
Origin  of  the  Chert  in  the  Carboniferous  Limestone  Series  of  ^ 
Ireland,*'  in  the  Geological  Magazine^  last  October,  my  friend 
Prof.  O.  Lindstrdm,  of  Stockholm,  sent  me  a  hand-specimen  of 
cherty  rock  from  the  Penno-Carboniferous  strata  of  Spitzbergen, 
which,  on  examination  with  a  hand-lens,  could  be  seen  to  be  nearly 
entirely  composed  of  spicules  of  sponges  irregularly  intermingled 
together,  in  the  same  manner  as  in  the  cherty  beds  of  the  Yoredale 
series  in  Yorkshire,  Wales,  and  Ireland.  This  striking  illustration 
of  the  organic  origin  of  chert  from  a  quite  unexpected  quarter 
induced  me  to  inquire  for  further  particulars  of  the  nature  and 
thickness  of  the  rocks  from  which  the  specimen  came,  and  Dr.  A.  G. 
Nathorst,  of  Stockholm,  not  only  supplied  me  with  the  needful 
information  which  is  given  below,  but  further  sent  me  a  box  of 
specimens  of  the  rocks  in  question,  which  were  for  the  most  part 
obtained  by  the  Swedish  Expedition  to  Spitzbergen  in  1882,  under 
his  leadership  and  that  of  the  Baron  de  Geer.  Prof.  Lindstrom  also 
sent  for  my  examination  most  of  the  fossil  sponges  obtained  by  this 
same  expedition,' which  have  been  described  by  Dr.  v.  Dunikowski ;  • 
and  I  propose  in  the  present  paper  first  to  refer  to  the  extent  and 
the  characters  of  the  cherty  rocks  of  Spitzbergen,  and  next  to  treat 
of  the  fossil  sponges  from  them. 

I  may  premise,  however^  that  the  specimens  of  cherty  rock  which 
I  have  examined  have  been  in  no  wise  selected  on  account  of  the 
presence  in  them  of  sponge-remains,  since  the  origin  of  the  rock 
from  these  organisms  was  not  at  all  suspected  at  the  time  they  were 
collected.  The  specimens  were  procured  because  they  contain 
certain  other  fossils,  such  as  Brachiopoda  and  Polyzoa,  which  have 
no  special  connection  with  the  origin  of  the  chert. 

The   following    sketch   of  the    stratigraphical    divisions  of   the 

1  Dec.  III.  Vol.  IV.  pp.  435-446. 

*  TJeber  Perrao-Carbon-Schwamme  von  Spitzbergen,  Kongl.  Svenska  Vetensk.- 
Akad.  Handl.  Bd.  21,  No.  1,  pp.  1-18,  taf.  ii.  (I8b4j. 
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Permo-Carboniferous  series  on  the  West  and  South-west  shores  of 
Spitzbergen  has  been  kindly  furnished  to  me  by  Dr.  Nathorst. 
Some  of  the  particulars  were  only  obtained  by  the  last  Swedish 
Expedition.  Dr.  Nathorst  makes  four  divisions  in  the  series,  which 
altogether  is  over  2000  m.  in  thickness.  The  lowest  of  these,  which 
rests  on  red  and  green  shales,  regarded  as  Devonian,  is  the  Ursa 
sandstone,  which  contains  land-plants  and  corresponds  to  the 
European  Culm  or  Scotch  Calciferous  Sandstone.  In  one  locality,  at 
Middle  Hook  in  Bell  Sound,  Dr.  Nathorst  discovered  in  this  division 
some  intercalated  marine  deposits,  consisting  of  dark  sohists  with 
tracks  of  Annelids  (<' Fucoids "),  Encrinital  fragments,  and  a  few 
siliceous  Sponges. 

2.  Cyathophylium  Limestone,  —  This  division  comprises  impure 
limestones  with  thin  layers  of  chert  and  gypsum,  also  bituminoiu 
limestones  with  Corals,  Fusulina,  etc. 

3.  Spirifer  Limestone, — From  this  division  most  of  the  fossils 
described  from  the  Permo-Carboniferous  series  in  Spitzbergen  have 
been  obtained,  though  it  is  not  more  than  10  metres  in  thickness. 

4.  FroducttiS'chert. — This  division  consists  mainly  of  chert  and 
siliceous  rocks.  Some  of  the  beds  are  rich  in  Producti  and  other 
fossils,  and  are  thus  more  or  less  calcareous ;  other  beds  are  dark 
siliceous  schists  or  shales,  with  a  few  Crinoidal  remains  and  Polyzoa. 
It  will  be  shown  that  the  cherty  beds  are  in  places  lai^ly  made  up 
of  the  remains  of  siliceous  sponges.  Most  of  the  fossil  sponges  yet 
known  from  Spitzbergen  are  from  the  lower  beds  of  this  division, 
which  varies  from  375  to  400  metres  in  thickness. 

A  section  of  this  division,  exposed  on  the  North  Axel's  Island  in 
Bell  Sound,  was  measured  by  de  Geer  in  1882,  and  the  result  has 
been  communicated  to  me  by  Dr.  Nathorst  It  is  of  interest  as 
showing  the  thickness  of  the  different  chert  beds,  and  is  reproduced 
below. 

Summit— Permian  Shales,  Mauls,  akd  Sandstones — 300m. 

metres. 

1.  Black  siliceous  schist  8*9' 
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Owing  to  a  slight  dip  in  the  strata,  these  measurements  are  a  little 
in  excess  of  the  true  thickness,  which  is  estimated  at  376m.  Making 
this  allowance,  this  division  consists  of  111m.  of  siliceous  schists  and 
265m.  or  870  feet  of  chert  rock.  The  hase  of  the  division  rests  on 
the  Spirifer  limestone,  whilst  at  its  summit  are  the  shales  and  marls 
of  the  Permian  series,  discovered  for  the  first  time  by  Nathorst  and 
de  Oeer  in  1882,  the  fossils  in  which,  exclusively  Permian  in 
character,  have  lately  been  described  by  Prof.  Lundgren.*  The 
siliceous  schists  and  cherts,  therefore,  known  under  the  collective 
name  of  the  Productus-chert  division,  constitute  the  summit  of  the 
Permo-Carboniferous  series  in  Spitzbergen. 

Most  of  the  specimens  of  cherty  rock  forwarded  to  me  by  Dr. 
Nathorst  are  from  the  Froductus-chert  beds  exposed  on  the  eastern 
coast  of  Icefjord  at  Tempelberg  and  at  Green  Harbour  and  from 
Axel's  Island  in  Bell  Sound.  The  following  are  the  salient  characters 
of  the  principal  specimens. 

1.  Specimens  of  white  cherty  rock  at  Templeberg,  from  near 
the  summit  of  the  Productus-chert  and  probably  upon  the  same 
horizon  at  Angelinsberg,  or  Lovensberg,  in  Hinlopen  Strait.  The 
rock  is  compact,  of  a  greyish  or  milky- white  tint,  hard  enough 
to  scratch  glass,  and  it  gives  in  places  slight  ebullition  with  acid. 

The  Tempelberg  specimens  contain  some  grains  of  glaaconite  and 
quartz,  but  these  are  not  present  in  the  Hinlopen  Strait  example. 
The  specimens  also  contain  numerous  shells  and  casts  of  ProductuB, 
and  possibly  also  of  Spirifer,  the  shells  still  retaining  in  part  their 
normal  structure  of  carbonate  of  lime.  The  matrix  of  the  rock  (if  so 
it  may  be  termed)  in  which  these  shells  are  imbedded,  and  of  which 
their  casts  are  composed,  is  a  mass  of  closely-packed  sponge  spicules, 
chiefly  linear  or  rod-shaped,  either  lying  parallel  to  each  other,  or 
more  frequently  crossing  one  another  irregularly  (PI.  VIII.  Fig.  8). 
These  spicules  are  of  chalcedonic  silica ;  in  microscopic  sections  by 
transmitted  light  they  show  an  outer  ring  of  a  brownish  yellow 
tint,  whilst  the  central  or  axial  portion  is  either  of  transparent  silica, 
or  of  an  opaque  material.  In  some  parts  of  the  Hinlopen  specimen 
the  spicules  gradually  pass  into  a  nearly  pure  translucent  chert,  in 
which  their  forms  have,  for  the  most  part,  disappeared,  and  only  the 
solid  casts  of  their  axial  canals  can  be  distinguished. 

The  spicules  in  these  rock-specimens  are  generally  imperfect  and 
fragmentary  ;  the  only  recognizable  forms  are  small  curved  cylinders 
with  slightly  inflated  extremities  (PI.  VIII.  Fig.  9),  similar  to  those  of 
Beniera  clavata^  Hinde,  which  are  very  common  in  the  cherty  sponge 
beds  of  the  Yoredale  Series  of  Yorkshire  and  North  Wales  (Brit.  Pal. 
Sponges,  pt.  ii.  p.  143,  pi.  ix.  figs.  5  a,  6,  Pal.  Soc.  vol.  for  1887). 
Most  of  the  detached  spicules  are  apparently  simple  monaxial  forms, 
and  may  perhaps  belong  to  monactinellid  sponges.  Dr.  Nathorst 
informs  me  that  the  bed  of  white  chert  at  Tempelberg  is  only  about 
three  feet  in  thickness,  but  that  further  to  the  north-east  it  gradually 

*  Anmarkningar  om  Permfossil  Mn  Spetsbergen ;  Bibang  till  K.  Svenska  Yet. 
Akad.  Handb.  Bd.  13,  Afd.  iv.  No.  1,  pp.  1-26  (1887).  6/.  Geol.  Mao.  March, 
1888,  p.  131. 
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inoreases  in  tliickness.  The  thickness  of  the  white  obert  bed  in 
Hinlopen  Strait  is  not  known.  No  corresponding  bed  of  white 
chert  occurs  in  the  section  at  Axel's  Island. 

2.  Specimen  of  bluish  chert  from  Bell  Sound,  probably  from 
Axel's  Island.  This  is  a  hard,  brittle  rock,  with  a  splintery  fracture ; 
it  gives  no  action  with  acid.  It  contains  the  mould  of  a  large 
firachiopod.  The  surface  in  places  is  covered  with  the  impressioDB 
of  slender  elongated  spicules,  but  in  the  interior  of  the  specimen 
only  the  axial  portions  of  the  spicules  remain.  This  specimen  is 
precisely  similar  in  appearance  and  character  to  the  oherty  rocks 
of  the  Yoredale  Series  in  Yorkshire,  and  could  not  be  distingoished 
from  them. 

3.  Specimen  from  the  Frodueius-ohert  at  Oreen  Harbour,  loeQord. 
This  is  a  dark,  siliceous  rock,  with  Froducii^  Polyzoa,  and  probably 
small  Corals,  llie  cells  of  these  organisms  have  been  infilled  with 
siliceous  material,  and  their  walls  have  been  weathered  away  on  the 
surface ;  the  Froducius  shells  are,  in  part,  replaced  by  silica.  No 
spicules  can  be  determined  on  the  outer  surface  of  the  rook,  but  they 
can  be  seen  in  a  thin  section.  Amongst  the  monaotinellid  spicules 
there  is  a  cruciform  spicule  belonging  to  a  hexactinellid  sponge 
(PL  VIII.  Fig.  16). 

4.  Specimen  from  the  ProducftM-chert  from  Soutb  Axel's  Island. 
This  is  a  hard,  dark,  siliceous  schist,  containing  fragments  of  the 
problematical  fossils  known  as  Taonurus  or  Spiropkyton.  It  appears 
mainly  to  consist  of  very  minute  subangular  quartz  grains  in  a  dark 
cement.  There  are  scattered  in  the  rock  numerous  minute  cylindrical 
spicules,  similar  to  those  of  Eeniera  hacillum,  Hinde,  from  the  Yoredale 
Series  of  Yorkshire  and  North  Wales  (PI .  VIII.  Fig.  10) .  Frequently 
the  spicules  occur  as  hollow  casts  or  partially  replaced  by  iron  rust. 

5.  Specimens  of  dark  siliceous  schiste  from  the  iVodiM^fiM -chert 
division  of  South  Axel's  Island  and  Middle  Hook  in  Bell  Sound. 
These  rocks,  like  the  preceding,  are  mostly  made  up  of  minute  sub- 
angular  grains  of  quartz  and  a  .varying  amount  of  calcite.  Thin 
sections  show  a  few  spicules  in  places,  but  they  are  insufficient  to 
afifect  the  character  of  the  rock. 

6.  Nodular  masses  of  chert  intermingled  with  crystalline  calcite 
from  Cape  Wijh.  The  chert  in  these  specimens  is  nearly  translucent, 
and  shows  but  little  structure.  It  contains  traces  of  spicules  and 
Foraminifera. 

7.  Dr.  Nathorst  has  also  forwarded  to  me  a  smooth  rounded 
pebble  of  chert,  from  the  gravels  of  Nordenskiold's  Berg,  which  are 
of  Tertiary  age,  with  the  view  of  ascertaining  if  its  minute  structure 
corresponded  with  that  of  flints  from  the  Chalk,  which,  in  outward 
appearance,  it  much  resembles.  A  microscopic  section  of  the  pebble 
showed  that  it  was  composed  of  chalcedony  and  crystalline  silica, 
and  that  it  is  filled  with  the  remains  of  spicules  which  are  now  for 
the  most  part  only  represented  by  the  infilled  casts  of  their  axial 
canals;  in  some  instances,  however,  the  spicules  consist  of  an  opaque 
material.  They  are  chiefly  fragments  of  rod-shaped  forms,  hut 
amongst  them  are  fusiform,  acerate,  and  also  lithistid  spicules,  closely 
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resAmbling  those  of  Dory<2«rma  Dalryense,^  H.  (PL  YIII.  Fig.  18),  from 
the  Carboniferous  of  Ayrshire,  and  minute  hexaotinellid  spicules 
(PL  YIII.  Fig.  12).  Both  the  forms  of  the  spicules  and  the  mineral 
structure  of  the  rook  point  to  the  conclusion  that  the  pebble  has 
been  derived  from  some  of  the  cherty  sponge-beds  of  the  Permo- 
Carboniferous  series. 

The  character  of  these  chance  fragments  from  the  Produetus-chert 
division  of  the  Permo-Carboniferous  series  distinctly  shows  that  the 
chert  beds  in  this  division  are  largely  composed  of  the  detached 
spicules  of  disintegrated  siliceous  sponges,  and  thus  of  organic  origin 
in  the  same  manner  as  the  chert-beds  in  the  Yoredale  Series  of 
Yorkshire,  North  Wales,  and  Ireland.  Not  only  is  the  general 
character  of  the  rock  extremely  similar,  but  in  some  instances  the 
same  forms  of  spicules  are  present  in  the  Spitzbergen,  as  in  the 
British  rooks.  The  dark  siliceous  schists,  on  the  other  hand,  inter- 
calated between  the  cherts,  are  chiefly  composed  of  minute  grains 
of  quartz,  and  thus  merely  of  sedimentary  origin,  but  in  some  of 
these  sponge  spicules  are  also  numerously  represented.  It  is  true 
that  the  number  of  specimens  of  chert  available  for  examination  is 
very  few,  and  they  might  be  regarded  as  insufficient  of  themselves 
to  warrant  the  conclusion  that  this  great  thickness  of  rock,  which 
at  one  locality  on  Axel's  Island  reaches  870  feet,  is  due  to  the 
accumulation  of  the  skeletal  debris  of  siliceous  sponges ;  but  taking 
into  consideration  the  fact  that  beds  of  similar  cherty  rock,  which  in 
Yorkshire '  have  an  estimated  thickness  of  90  feet,  and  in  North 
Wales  of  350  feet,  can  be  proved  to  be  due  to  sponge  remains, 
there  is  nothing  extravagant  in  the  supposition  that  this  much 
greater  thickness  of  rock  has  had  a  similar  origin.  It  is  reasonable 
to  suppose,  moreover,  that  if  specimens  collected  indiscriminately 
thus  show  their  derivation  from  sponge  remains,  still  stronger 
evidence  would  be  obtainable  if  search  were  specially  made  for  it. 

So  far  as  I  am  aware,  the  Spitzbergen  chert  beds  have  never  been 
specially  studied ;  the  principal  notice  of  them  which  I  have  seen  is 
by  Baron  A.  E.  Nordenskiold,^  who  writes  of  them  in  1876  : — "  In 
Ice  and  Bell  Sounds,  as  well  as  in  Hinloopen,  the  Spirifer  Lime- 
stone and  gypsum  are  covered  by  a  statum  of  impure  limestone  rich 
in  silica,  or  by  a  black  flint  extraordinarily  rich  in  fossils,  especially 
in  Produeti  of  large  size  and  with  large  shells.  Within  this  division 
the  flint  strata  of  silica  are  scarcely  ever  of  the  nature  of  sandstone, 
but  form  beds,  several  hundred  feet  thick,  consisting  of  a  nearly  pure 
flint,  and  I  think  it  highly  probable  that  the  formation  of  these 
immense  flint  beds  stands  in  connexion  with  the  eruptions  whence 
originated  the  massive  layers  of  plutonic  rocks  which  meet  us  every- 
where on  Spitzbergen,  and  which  in  many  places  form  the  very 
boundary  between  the  Mountain  Limestone  and  the  overlying  strata 
belonging  to  later  formations/'     From  this  it  would  appear  that  an 

*  British  Fossil  Sponges,  pt.  i.  pi.  v.  fig.  7ft,  Pal.  Soc.  vol.  for  1886. 

*  British  Palaeozoic  Sponges,  pt.  ii.  Pal.  Soc.  vol.  for  1887,  p.  lOU. 

'  Sketch  of  the  Geology  of  Ice  Sound  and  Bell  Sound,  Spitzbergen,  Geol.  Mao. 
Dec.  II.  Vol.  III.  1876,  p.  66. 
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organic  origin  of  the  chert,  or  flint  aa  it  is  termed,  is  not  even  sns- 
pected,  but  it  is  supposed  to  have  an  undefined  relation  to  igneous^ 
rooks.  But  in  the  section  measured  by  Geer  on  Axel's  Island  the 
chert  and  siliceous  schists  form  an  uninterrupted  series  of  strata, 
376  metres  in  thickness,  without  volcanic  materials,  nor  do  such 
occur  in  the  Permian  strata  overlying  them. 

The  fact  is  not  without  significance  that  the  geological  horizon  on 
which  this  enormous  series  of  cherty  rocks  in  Spitzbergen  occurs 
corresponds  approximately  with  that  in  which  rocks  of  a  similar 
character  are  so  largely  developed  in  the  British  Isles.  The  Car- 
boniferous chert  beds  in  Britain  mainly  appear  in  the  upper  portion 
of  the  marine  Carboniferous  series,  between  the  true  Mountain  Lime- 
stone and  the  Millstone  Grit  In  Spitzbergen,  also,  they  form  the 
upper  portion  of  a  series  of  rocks  regarded  stratigraphically  as  the 
equivalents  of  the  Carboniferous  Limestone,  even  though  they  contain 
a  certain  admixture  of  Permian  fossils.  In  Spitzbergen,  however, 
the  grits,  sandstones,  and  coal-bearing  beds,  which  succeed  the  Yore- 
dale  rocks  in  this  country,  are  not  represented,  and  the  Permo- 
Carboniferous  cherts  are  directly  followed  by  shales,  marls,  and 
sandstones,  containing  an  exclusively  Permian  Fauna. 

II.  On  the  Fossil  Sponges  from  Spitzbergen  described  by  Dr.  E. 
von  Dunikowski. 

The  cherty  rocks  of  Spitzbergen,  unlike  those  of  Yorkshire  and 
North  Wales,  have  yielded  entire  forms  of  sponges,  in  addition  to 
the  detached  spicules  thickly  scattered  through  the  rock  itself.  These 
sponges  were  discovered  by  the  last  Swedish  Expedition  under 
Nathorst  and  de  Geer,  most  of  them  in  the  dark  siliceous  schists  of 
the  Pro(2tic^ti<-chert  series  of  Axel's  Island  ;  some  were  also  obtained 
from  the  Cyathophyllum  limestone  of  Templeberg  and  Gypshook,  and 
from  the  marine  beds  of  the  Ursa  sandstone  at  Middlehook  in  Bell 
Sound.  The  specimens  were  entrusted  to  Dr.  E.  von  Dunikowski 
for  description,  who  prepared  microscopic  sections  from  them,  and 
described  them  as  a  new  genus  of  mouactinellid  sponges  under  the 
name  of  Femmatites,  including  within  it  the  following  species :  P. 
verruco8U8y  P,  arcticuSf  and  its  two  varieties,  macropora  and  latiluba. 
The  characters  assigned  to  the  genus  appeared  to  me  so  peculiar, 
that  at  my  request  Prof.  Lindstrom  kindly  forwarded  to  me  most 
of  the  type-specimens,  and  the  microscopic  sections  from  them,  for 
examination,  as  well  as  an  additional  specimen  of  P.  arcticuSf  var. 
macroporOf  which  had  not  been  submitted  to  Dr.  Dunikowski,  from 
which,  and  from  another  specimen,  I  have  had  further  microscopical 
sections  prepared.  As  the  results  of  my  study  of  these  type-speci- 
mens I  have  arrived  at  conclusions  as  to  their  characters  so  widely 

*  A  somewhat  similar  origin  was  attributed  to  a  band  of  flinty  or  horny  rock  in  the 
Carboniferous  Limestone  of  Gleneart,  Ualry,  Ayrshire,  by  my  friend  Mr.  John  Young, 
F.G.S.,  who  regarded  the  silica  as  deposited  chemically  oy  heated  waters  from  springs 
connected  with  volcanic  vents  in  the  neighbourhood  (l*roc.  Nat.  Hist.  Soc.  Glasgow, 
April  26.  1882,  p.  237).  Since  hearing  my  paper  on  the  organic  origin  of  the  Irish 
Carboniferous  chert,  Mr.  Young  examined  sections  of  this  flinty  band  under  the 
microscope,  and  he  has  informed  me  that  it  is  crowded  with  minute  sponge-spicules,  so 
that  no  doubt  of  its  origin  from  these  organisms  can  be  enteirtained. 
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»rent  from  those  of  Dr.  Danikowski,  that  it  will  be  necessary  for 
to  state  in  some  detail  the  structural  features  on  which  they  are 
ided. 

ittle  requires  to  be  said  of  the  outer  form  of  the  Sponges.  They 
in  some  cases  flattened  or  discoid  bodies,  with  circular,  oval,  or 
^ular  outlines,  in  others  nearly  round,  and,  as  is  so  frequently 
case  with  the  PalsBozoic  sponges,  they  show  no  stem  or  surface  of 
3hment.  Their  exterior  surfaces  are  usually  uneven,  with  blunted 
by  eminences  irregularly  dispersed  over  them.  Under  favourable 
imstances  the  surface  also  exhibits  between  the  elevations  a 
lulation  or  network  of  siliceous  translucent  fibres,  bounding 
liar  or  subpolygonal  interspaces  of  a  dark  appearance, 
he  sponges  are  now  compact  throughout ;  in  sections  or  fractured 
Eices  they  exhibit  a  mesh  of  the  translucent  siliceous  fibres,  some 
'hich  have  a  generally  radial  direction  from  the  central  portion 
le  surface  of  the  sponge,  whilst  others  run  transversely,  and  unite 
L  the  radial  fibres,  and  thus  form  a  connected  mesh  work,  the 
ies  between  which,  as  at  the  surface,  are  of  a  dark  mineral  (PL 
L  Figs.  1,  2).  The  sponges  are  now  mostly  of  silica,  but  in  all 
specimens  examined  there  is  a  slight  reaction  with  acid. 
1  microscopic  sections  the  dark  portion  of  the  sponge  is  seen  to 
list  chiefly  of  minute  particles  and  rods  of  an  opaque  material, 
>ably  of  carbonaceous,  though  some  may  be  of  ferruginous  origin, 
added  in  a  lighter  granular  (?)  matrix ;  in  this,  also,  are  rod* 
)ed  or  acerate  siliceous  spicules,  disposed  quite  irregularly  both 
1  respect  to  each  other  and  to  the  direction  of  the  interspaces  in 
ch  they  occur.  Further,  the  spicules  are  by  no  means  uniform  in 
)e  or  in  size  in  the  same  specimen,  or  in  the  same  portion  of  it. 
re  is  every  probability  that,  as  suggested  by  Dunikowski,  the 
z  rods  mentioned  above  are  merely  replacements  of  siliceous 
ules. 

he  translucent  siliceous  fibres  of  these  sponges,  when  seen  in 
roscopic  sections,  are  either  colourless  or  of  a  yellowish  tint,  their 
gins  are  uneven,  they  consist  of  fibrous  radiating  chalcedonic  and 
talline  silica,  which  gives  brilliant  tints  between  crossed  Nicols. 
this  ground-mass  there  are  frequently  microscopic  crystals  of 
ite,  and  here  and  there  elongate  rod-like  spicules  with  stumpy 
ral  projections  (PI.  VIII.  Fig.  2).  These  spicules  are  frequently 
ited  in  the  fibres,  their  length  corresponding  with  the  direction  of 
fibre ;  occasionally  several  occur  together  closely  united,  evidently 
leir  natural  positions,  by  the  apposition  of  their  blunt  projections  to 
surfaces  of  adjoining  spicules  (PI.  VIII.  Fig.  4).  They  have  the 
e  general  characters,  and  the  same  mode  of  union  with  each  other 
le  spicules  of  lithistid  sponges.  Though,  as  a  rule,  only  a  few  of 
e  spicules  now  remain  in  the  translucent  fibres,  their  outlines 
for  the  most  part,  peculiarly  distinct,  and,  strangely  enough, 
gh  there  can  be  no  doubt  that  they  are  the  spicules  of  siliceous 
iges,  and  they  are  at  present  imbedded  in  a  siliceous  ground-mass, 
hey  are  now  chiefly  composed  of  clear  calcite.  The  fact  is  of 
>rtance  also,  that  though  there  are  plenty  of  acerate  and  smooth 
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rod-shaped  spicules  in  the  dark  portion  of  the  sponge,  none  of  these 
forms  can  be  seen  in  the  translucent  fibres,  and,  similarly,  the  lithistid 
spicules  of  the  fibres  do  not  occur  in  the  dark  interspaces.  There  is 
further  a  general  uniformity  in  the  character  of  these  lithistid  spicules, 
not  only  in  the  same  specimen,  but  in  those  of  distinct  species. 

Dr.  v.  Dunikowski  attaches,  in  his  paper,  but  litUe  significance  to 
these  lithistid  spicules.^  He  does  indeed  mention  the  occurrence  of 
a  few  nodose  irregular  lithistid  spicules  with  some  of  tetractinellid 
origin,  but  he  thinks  they  have  probably  nothing  to  do  with  the 
proper  skeleton  of  the  sponges,  but  should  be  considered  as  merely 
accidentally  introduced  forms.  I  find,  however,  that  they  are  very 
generally  present  in  the  translucent  fibres  of  the  sections '  prepared 
and  studied  by  this  author. 

Dr.  V.  Dunikowski  considers  that  the  dark  portions  of  these 
sponges,  which  form,  as  already  mentioned,  the  irregular  inter- 
spaces between  the  translucent  anastomosing  fibres,  are  the  true 
skeletal  fibi-es,  and  the  acerate  spicules  imbedded  in  them  irregularly, 
as  the  monactinellid  spicules  proper  to  the  skeleton.  The  translucent 
connected  portions,  on  the  other  hand,  which  in  this  paper  I  have 
denominated  fibres,  are  described  by  this  author  as  the  original  canals 
of  the  sponge,  which,  after  the  death  of  the  animal,  have  been 
infilled  with  crystalline  quartz  free  from  any  admixture  of  those 
foreign  substances  which  have  given  such  a  dark  appearance  to  the 
rest  of  the  sponge.  These  so-termed  canals  are  described  as  main 
canals,  and  concentric  or  connecting  canals. 

My  interpretation  of  the  characters  of  these  sponges  totally  differs 
from  that  of  Dr.  Dunikowski,  for,  in  my  opinion,  the  translucent 
anastomosing  fibres — the ''canals"  of  Dunikowski — are  in  reality  the 
fibres  of  the  sponge  which  were  originally  composed  of  lithistid 
spicules.  Most  of  these  have  been  dissolved,  and  their  spaces  filled 
with  chaoeldony  and  quartz  ;  some  remain,  either  singly  or  united 
in  their  natural  positions  in  the  fibres,  llie  dark  portions  of  the 
sponge — the  "  skeletal  fibres  "  of  Dunikowski — I  regard  as  merely 
the  irregular  interspaces  between  the  true  skeletal  fibres,  in  which 
the  water  circulation  was  carried  on  during  the  lifetime  of  the 
animal,  and  which  after  its  death  became  infilled  with  the  materials 
of  the  sea-bottom,  consisting  of  a  fine  siliceous  mud,  with  numerous 
spicules,  chiefly  of  disintegrated  monactinellid  sponges,  dispersed 
through  it. 

In  support  of  my  view,  I  may  state  that  fossil  lithistid  sponges, 
in  which  the  fibres  have  been  replaced  in  a  similar  manner  to  these 
Spitzbergen  forms,  are  of  not  unfrequent  occurrence.  I  have  before 
me  microscopic  sections  of  Aulocopium  and  Astylospongia  from  the 
Silurian  strata  of  Gotland,  in  which  the  process  has  taken  place; 
and,  in  one  instance,  the  lithistid  spicules  are  now  of  calcite, 
imbedded  in  a  chalcedonio  matrix,  under  the  same  circumstances  as 
those  of  Femmatites, 

*   Loe.  eit.  p.  7. 

'  They  are  present  in  seven  out  of  ten  slides  of  P.  aretieus,  in  both  of  the  slides  of 
J*,  vert  ucotun,  in  two  out  of  three  slides  of  the  var.  maeroporay  and  in  two  out  of 
three  aUdea  of  the  var.  latiiuba^  which,  were  ««iii.\.  \a  m<&\>^  ^xqI.  lAsid&txQm. 
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The  dark  portion  of  the  sponge,  which  I  regard  as  infilled  material 
from  the  sea-bottom,  is  clearly  of  the  same  nature  as  many  portions 
of  the  rock-matrix,  which  show  in  microscopic  sections  dark 
grannies,  rod-like  bodies,  and  spicules  of  various  forms  interspersed 
in  a  silioeous  matrix.  It  is  quite  in  accordance  with  our  experience 
of  fossil  sponges — and  of  recent  forms  as  well — to  find  th^ir  canals 
and  interspaces  between  their  skeletal  fibres  filled  with  a  varied 
assortment  of  spicules,  often  of  a  character  quite  different  from  those 
proper  to  the  sponge  itself.  Further,  in  one  of  the  Spitzbergen 
specimens  the  supposed  canals  are  distinct  cylindrical  siliceous  fibres, 
whilst  the  dark  portion — the  supposed  skeleton — hardly  shows 
traces  of  spicules,  and  passes  uninterruptedly  into  the  surrounding 
rock-matrix,  and  cannot  be  distinguished  from  it 

On  Dunikowski*s  view  that  the  siliceous  fibres  were  originally 
canals,  it  is  difficult  to  account  for  the  presence  in  them  of  lithistid 
spicules  exclusively,  and  it  is  equally  as  difficult  to  imagine  that 
whilst  foreign  spicules  and  other  materials  were  accidentally  intro- 
duced into  what  are  stated  to  be  the  skeletal  tissues,  none  should 
have  found  their  way  into  what  are  stated  to  have  been  the  empty 
canals  of  the  sponge. 

But  the  most  convincing  evidence  that  the  translucent  portions  in 
these  sponges  are,  in  reality,  the  skeletal  fibres,  and  not  the  canals, 
is  afforded  by  sections,  prepared  by  v.  Dunikowski,  of  a  specimen 
from  the  Cyathophyllum  limestone  of  Gypsbook.  The  translucent 
portions  in  these  sections  are  in  places  filled  with  the  original  spicules, 
running  parallel  with  each  other,  and  evidently  in  their  natural 
position  in  the  fibre.  Unfortunately  the  outlines  of  these  spicules 
have  been  rendered  very  indistinct  by  the  fossilization,  so  that  their 
complete  forms  cannot  be  made  out  definitely,  and  they  appear  to 
differ  from  the  typical  forms  of  Pemmaiiies  in  being  furcate  at  one 
or  both  ends  (PI.  VIII.  Fig.  7).  Unlike  the  specimens  from  Axel's 
Island,  the  spicules  in  these  sections  are  not  replaced  by  calcite,  but 
consist  of  chalcedonic  silica.  The  dark  portions  in  these  sections  do 
not  contain  many  spicules,  and  no  doubt  can  be  felt  that  they  are 
simply  the  rock-matrix.  The  sections  are  named  by  Dunikowski, 
P.  arcticus,  var.  latituha,  but  it  is  probable,  judging  from  the  form  of 
the  spicules,  that  the  sponge  is  generically  distinct  from  Pemmatites, 

The  grounds  above  stated  appear  to  me  to  justify  the  view  that 
these  Spitzbergen  sponges  are  really  lithistid  and  not  monactinellid 
forms.  On  this  interpretation  the  diagnosis  of  the  genus  given  by 
Dunikowski  requires  to  be  fundamentally  altered ;  but  as  the  term 
Pemmatites  has  reference  to  the  outer  form  of  the  sponges  merely, 
and  no  bearing  on  their  inner  structures,  there  is  no  reason  why  it 
should  not  be  retained  with  the  amended  description  as  below : — 

Order :  SilicispongiaB. 

Suborder:  Lithistida?. 

Family :  Rhizomorina. 

Genus :  Pemmatites,  v.  Dunikowski,  emend.  Hinde. 

1884,  Kongl.  SvenskaVet-Akad.  Handl.  Bd.  21,  No.  l,p.  13. 
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Discoid,  oompressed  or  globular,  sponges,  apparently  without  stem 
or  surface  of  attachment  The  skeleton  consists  of  a  meshwork  of 
subcylindrical  anastomosing  fibres,  which  are  composed  of  rod-shaped 
lithistid  spicules  with  blunted  and  facetted  lateral  processes.  The 
open  spaces  between  the  fibres  form  an  indefinite  canal-system,  with 
circular  or  polygonal  apertures  at  the  surface  of  the  sponge. 

I  do  not  propose  here  to  enter  upon  the  detailed  descriptions  of 
the  species  and  varieties  given  by  Dunikowski,  which  appear  to  me 
to  be  substantially  correct  as  regards  the  measurements  and  other 
particulars  relating  to  the  form  and  direction  of  the  fibres,  etc.,  but 
I  may  remark  that  in  refemng  to  them  we  must  bear  in  mind  that 
the  structures  described  as  canals  are  the  skeletal  fibres,  whilst  the 
so-termed  fibres  are  only  the  interspaces  between  the  real  fibres, 
now  infilled  with  matrix.  Examined  from  the  new  point  of  view, 
the  sponges  described  as  varieties  macropora  and  latiiuba  {loc  cit, 
pp.  15,  16)  appear  to  be  sufficiently  distinct  from  P.  aretieus  to  be 
considered  as  separate  species. 

The  lithistid  spicules  in  these  sponges,  as  shown  by  the  accom- 
panying figures  (PI.  VIII.  Figs.  3-6),  vary  somewhat  in  size  and 
form ;  for  the  most  part  they  consist  of  a  straight  or  slightly  curved 
rod-like  axis,  truncated  or  obtusely  pointed  at  the  ends,  with  short 
lateral  projections  terminating  in  minute  facets.^  They  vary  from 
*4  to  '6  mm.  in  length,  and  about  *06  mm.  in  thickness. 

I  have  not  been  able  to  detect  a  dermal  layer  (Deckschicht)  as 
distinct  from  the  fibres,  in  any  of  the  sponges ;  the  structure  so 
named  and  figured  by  Dunikowski  appears  to  me.  to  be  merely  a 
thin  layer  of  matrix  incrusting  the  surface  of  the  sponge. 

Whilst  thus  differing  from  Dr.  Dunikowski  as  to  the  interpretation 
of  the  structure  of  these  sponges,  I  wish  to  bear  testimony  to  the  very 
careful  manner  in  which  he  has  investigated  and  described  their 
characters.  The  specimens  are  in  a  very  unfavourable  state  of  pre- 
servation, and  owing  to  the  very  complicated  changes  which  take 
place  in  the  fossilization,  it  is,  without  special  experience,  easy 
to  make  a  mistake  in  determining  the  original  characters  of  these 
organisms  from  the  older  rocks. 

Summary. 

Specimens  of  chert-rock  from  the  Proc?Mc/tt«-chert  division  of  the 
Permo-Carboniferous  series  of  Spitzbergen  are  shown  to  consist 
largely  of  detached  siliceous  sponge  spicules,  thus  indicating  the 
probable  derivation  of  this  rock  from  the  skeletal  remains  of  these 
organisms.  The  chert  is  of  the  same  character  as  that  of  the  Yoredale 
beds  of  the  British  Isles,  and  it  occurs  on  the  same  relative  geological 
horizon.  The  Produc^Ms-chert  division  has  a  thickness  on  Axel's 
Island  of  376  m.,  of  which  265  m.  are  chert,  and  111  m.  dark  siliceous 
schists,  likewise  containing  sponge  remains,  but  less  abundantly  than 
the  chert  The  chert  had  previously  been  regarded  as  connected  in 
some  way  with  the  igneous  rocks  of  the  island. 

'  Ab  already  mentioned,  the  spicules  in  Pemmatites  laiituba  differ  in  form,  and 
more  slender  than  in  the  other  species  described. 
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The  Sponges  obtained  from  these  rooks,  which  had  been  described 
as  Monactinellid  forms  by  v.  Dunikowski,  are  shown  to  be  really 
Lithistid  sponges,  this  author  having  mistaken  the  original  fibres  for 
canals,  and  the  infilling  matrix,  in  which  detached  spicules  occur,  for 
the  fibrous  skeleton  of  the  sponge. 

EXPLANATION  OF  PLATE  VIII. 

Fio.  1.  Part  of  a  vertical  section  of  Pemmatites  maeropora^  Dunik.,  showing  the 
disposition  of  the  translacent  skeletal  fibres  and  the  dark  matrix.  En- 
larged four  diameters.  From  the  Productui'Chert  beds  of  the  Permo- 
Carboniferous  series,  Bell  Sound,  Spitsbergen. 
„  2.  Part  of  a  section  from  the  same  specimen,  enlarged  twenty  diameters, 
showing  lithistid  spicules  in  the  translucent  fibres,  as  well  as  crystals  of 
calcite. 

8.  Detached  spicules  from  the  same  section,  enlarged  sixty  diameters. 

4.  Spicules  from  the  same,  showing  their  mode  of  union  with  each  other. 
Enlarged  sixty  diameters. 

6.  Two  detached  spicules  occurring  in  the  translucent  fibres  of  Pemmatitet 
ardicua.  Enlarged  sixty  diameters.  Drawn  from  a  section  prepared  by 
T.  Dunikowski. 

6.  Two  spicules  from  the  translucent  fibres  of  P.  verrueosust  Dunik.,  similarly 
enlarged.     Also  from  one  of  Dunikowski's  sections. 

7.  Part  of  a  section  of  P.  latituba,  Dunik.,  from  the  Cyathophyllum-'MmesUine 
at  Gypehook,  Bell  Sound,  showing  spicules  (now  partially  obliterated)  in 
the  translucent  fibres.  Enlarged  sixty  diameters.  Drawn  from  a  section 
prepared  by  v.  Dunikowski. 

8.  A  section  of  the  White  Chert  from  Templeberg,  Spitsbergen,  showing  its 
structure  of  sponge -spicules  irregularly  intermingled  together.  Enlarged 
fortv  diameters. 

9.  Two  detached  cylindrical  spicules  of  Beniera  clavata^  Hinde,  from  the  White 
Chert  of  Templeberg.     Enlarged  sixty  diameters. 

10.  Detached  cylindrical  spicules  of  Reniera  hacUlum^  Hinde,  from  a  section 
of  the  ProdiictuS'cAiQTi  at  South  Axel's  Island.     Enlarged  sixty  diameters. 

11.  A  fusiform  acerate  spicule  from  a  section  of  a  chert  pebble  (probably  from 
the  Permo-Carboniferous),  from  the  Tertiary  gravels  of  Nordenskiold's 
Berg.     Enlarged  sixty  diameters. 

12.  Flesh  spicule  of  hexactinellid  sponge  from  the  same  pebble.  Enlarged 
175  diameters. 

13.  Lithistid  spicule  of  Doryderma  Dalryense  (?).  Uinde,  from  the  same  pebble. 

14.  15.  Modified  hexactinellid  spicules.  Enlarged  sixty  diameters.  From 
Axel's  Island  and  Green  Harbour,  Proe^uc^ujr-chert  series. 
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No.  II. 
By  Db.  R.  H.  Traquair,  F.R.S.,  F.G.S. 
(For  No.  I.  see  Geol.  Mao.  Dec.  III.  Vol.  III.  1886,  p.  440.) 
Elonichihys  Binnetji,  sp.  nov.,  Traquair. 

OF  this  I  have  seen  only  two  specimens.  One  of  them,  slightly 
longer  than  the  other,  measures  3|  inches  in  length  up  to  the  com- 
mencement of  the  caudal  fin,  which  is  deficient  in  both  ;  the  greatest 
depth  of  the  body  \i  iuch,  the  length  of  the  head  nearly  the  same. 
The  dorsal  fin  is  opposite  the  interval  between  the  ventral  and  the 
anal ;  both  dorsal  and  anal  are  triangular  acuminate  in  shape,  with 
delicate  rays  which  at  first  are  somewhat  distantly  articulated,  the 
joiutH  being  ornamented  with  one  or  two  longitudinal  sulci.  The 
pectorals  are  not  seen  in  either  specimen,  but  the  smaller  of  the  two 
shows  a  well-preserved  ventral,  which  is  pretty  large,  and  acuminate 
in  shape. 
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The  scales  are  best  seen  in  the  smaller  specimen,  and  are  rather 
large  for  the  size  of  the  fish,  one  from  the  middle  of  the  flank 
measuring  -fy  inch  in  height  by  -^  in  breadth.  Over  most  of  the 
body  they  are  higher  than  broad,  but  behind  the  dorsal  fin  they 
become  more  equilateral  and  obliquely  rhomboidaL  The  anterior 
covered  area  is  very  narrow ;  the  sculpture  of  the  exposed  part  is 
peculiar,  and  different  from  that  in  any  other  Carboniferous  Ganoid 
with  which  I  am  acquainted.  Taking  one  of  the  flank  scales,  its 
external  glittering  surface  is  ornamented  by  delicate  wrinkles,  a  few 
of  which  run  parallel  with  the  anterior  margin,  while  behind  these 
and  over  the  greater  part  of  the  surface  they  run  in  an  antero- 
posterior direction,  ending  in  delicate  denticulations  of  the  hinder 
margin ;  anteriorly,  however,  these  transverse  ridges  and  farrows  do 
not  run  parallel  with  each  other,  but  tend  to  converge  in  two  or 
three  groups.  This  ornament  becomes  less  marked  in  the  scales 
behind  the  dorsal  fin,  the  vertical  strias  disappearing,  and  the  scale 
appearing  marked  only  with  a  few  irregular  horizontal  furrows;  the 
delicate  denticulation  of  the  posterior  is,  however,  preserved  as  &r  as 
the  tail  pedicle,  where  the  specimen  is  broken  off. 

Bemarks, — The  form  of  the  scales,  and  the  structure  and  position 
of  the  ventral,  dorsal,  and  anal  fins,  induce  me  to  class  this  little 
fish  as  an  ElonxchthyB,  though  unfortunately  the  character  of  the 
dentition,  and  the  form  of  the  pectoral  fin  are  unknown,  while  the 
bones  of  the  head  are  not  in  a  condition  to  be  described.  As  a 
member  of  this  genus  it  is  distinguished  by  its  rather  slender  form, 
and  proportionally  large  scales,  with  their  peculiar  ornament. 

Qeological  Position  and  Locality, — From  the  Dalemoor  Rake  Iron- 
stone, Lower  Coal-measures,  Stanton,  Derbyshire,  where  it  is  asso- 
ciated with  Elonichthys  Aitkeni,  Traq. ;  Platysomua  tenuistriatus,  Traq. ; 
and  Mesolepig  micropterus,  Traq.  The  two  specimens  which  have 
served  for  the  above  description  are  in  the  collection  formed  by  the 
late  Mr.  E.  W.  Binney,  of  Manchester,  who  lent  them  to  me  some 
years  before  his  death.  The  notes,  taken  of  them  at  that  time,  are 
now  for  the  first  time  published,  and  the  drawings  will  appear  in  the 
continuation  of  my  Monograph  on  the  Carboniferous  Ganoid  Fishes 
of  Great  Britain. 

Oonatodus  Molyneuon,  Ward,  sp.  MS. 

The  largest  specimen  of  this  little  fish  which  I  have  seen  is 
scarcely  more  than  three  inches  in  length ;  the  shape  is  fusiform, 
rather  **  stumpy  "  ;  the  length  of  the  head  is  contained  about  4^  times 
in  the  total.  Cranial  roof  bones  ornamented  with  closely  placed, 
contorted,  thread-like  ridges ;  jaws  armed  with  apparently  one  row  of 
comparatively  stout  stylo-conical  bluntly-pointed  teeth,  which  are 
slightly  incurved  towards  the  apex.  Scales  proportionally  large; 
covered  surface  narrow ;  exposed  surface,  in  the  flank  scales, 
marked  in  front  with  a  few  exceedingly  delicate  vertical  grooves  or 
stri89  turning  round  below  parallel  with  the  lower  margin,  the  rest 
of  the  surface  being  marked  posteriorly  with  nearly  equally  minute 
transverse  strisB  ending  on  very  delicate  denticulations  of  the  hinder 


Dr.  JR.  JBT,  Traquair — New  Coal-measure  PahBoniscida.     263 

argin — a  nearly  smooth  spaoe  being  left  between  the  last  set  of 
risB  and  the  vertical  ones  along  the  front  The  scales  become 
nailer  and  more  oblique  posteriorly,  the  striation  fading  away, 
tough  the  marginal  denticulation  remains  as  far  back  as  the 
mdal  fin. 

The  fins  are  not  very  well  preserved  in  any  of  the  specimens  I 
Bive  seen.  The  pectorals  are  not  visible ;  the  dorsal  is  nearly 
pposite  the  interval  between  the  ventrals  and  the  anal ;  the  caudal 
t  of  ooorse  heterooeroal.  All  seem  to  be  rather  few-rayed ;  rays 
)mparative]y  coarse  with  distant  articulations,  the  joints  being 
nooth,  or  ornamented  with  one  or  two  delicate  sulci. 

Remarks. — ^This  well-marked  species  was  discovered,  and  recog- 
ized  as  undescribed,  by  Mr.  Ward,  F.G.S.,  of  Longton,  who  confided  to 
le  the  specimens  for  description,  with  the  request  that  I  would  name 
;  Molyneuxi,  after  his  friend,  the  late  Mr.  Molyneux,  well  known 
B  a  collector  of  North-Stafibrdshire  Carboniferous  fossils.  It  is 
le  same  fish  which  in  my  essay  on  the  structure  of  the  Palsdoniscidee 
alluded  to  as  Mierocanodus  Molyneuxi,  and  only  the  desire  to  avoid 
ccessive  multiplication  of  genera  induces  me  to  withdraw  *'  Micro- 
modus  "  for  the  meanwhile.  The  species  has  undoubtedly  certain 
bvious  resemblances  to  the  common  Lower  Carboniferous  genus 
}onatodus,  but  the  teeth  do  not  seem  to  exhibit  that  second  flexure 
t  the  apex  so  characteristic  of  at  least  the  type  species  O.  punctatus, 
ig.  sp.  From  the  Lower  Carboniferous  species  of  the  genus  it  is 
Eirthermore  distinguished  by  the  greater  comparative  size  of  the 
oales  and  the  coarseness  of  the  fin  rays. 

Geological  Position  and  Locality,  —  Deep-Mine  Ironstone,  Coal- 
leasures,  Longton,  Staffordshire.     In  the  Collection  of  Mr.  Ward. 

Bhadinichthys  Planti,  sp.  nov.  Traquair. 

The  most  perfect  specimen  I  have  seen  measures  2^  inches  in 
3ngth  by  -sV  ii^  greatest  depth ;  its  shape  is  therefore  elegant  and 
lender.  The  head  measures  -^  inch  in  length,  and  is  contained 
early  5  times  in  the  total ;  the  dorsal  fin  commences  1^  inch 
ehind  the  tip  of  the  snout,  and  the  lower  lobe  of  the  caudal  I^  inch 
ehind  the  same  point,  the  anal  being  exactly  opposite  the  dorsal, 
lie  pectorals  are  not  exhibited  in  any  specimen  I  have  seen,  but 
races  of  a  ventral  are  seen  in  one  case  midway  between  the  anal 
nd  the  shoulder-girdle. 

The  head  shows  a  peculiarly  large  development  of  snouts  forming 
considerable  bluntly -pointed  prominence  over  the  mouth.  The 
ranial  roof  bones  are  ornamented  with  incised  furrows,  producing 
comparatively  coarse  flattened  ridging  between  them.  The 
uspensorium  is  oblique,  the  operculum  is  broad,  but  with  its 
iferior  margin  sloping  obliquely  upwards  so  as  to  make  an  acute 
agle  with  the  anterior,  and  an  obtuse  angle  with  the  posterior  one. 
orrespondingly  the  superior  margin  of  the  suboperculum  slopes 
Biy  obliquely  upwards  and  backwards,  its  anterior  margin  is  short, 
id  the  posterior  one  long  and  rounded.     The  upper  limb  of  the 
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preoperonlum  is  broad  and  triangular,  the  lower  one  narrow. 
I  see  no  markings  on  these  opercular  bones  save  a  few  concentric 
strisd.  The  maxilla  is  of  the  ordinary  palseonisooid  shape,  but  in 
none  of  the  specimens  are  its  markings  clearly  shown.  The 
mandible  is  comparatively  short,  and  is  ornamented  by  prominent 
ridges  which  run  obliquely  forward  so  as  to  touch  Uie  npper  or 
dentary  margin  at  very  acute  angles. 

The  scales  are  small,  rhombic,  and  with  the  usual  palsdoniscoid 
mode  of  articulation.  It  is  extremely  difficult  accurately  to  make 
out  the  character  of  the  outer  surface,  which  seems  to  be  ornamented 
with  excessively  minute  and  faintly  marked  ridges  and  furrows, 
bearing  obliquely  downwards  and  backwards  over  their  surface. 

Remarks, — I  place  this  strange  little  Palsdonisoid,  whose  specific 
characters  are  so  strongly  marked,  only  provisionally  under 
Ehadinichthya ;  and  probably  a  new  genus  will  ultimately  have  to  be 
established  for  it,  characterized  by  the  more  than  usually  prominent 
snout  and  the  dorsal  being  exactly  opposite  the  anal  fin,  characters 
in  which  I  must  own  it  differs  from  the  typical  species  of  Ehadi- 
nichthys. 

Geological  Position  and  Locality. — Coal-measures.  The  best  speci- 
mens I  have  seen  are  in  the  collection  of  Mr.  John  Plant,  of  the 
Boyal  Museum,  Salford,  who  obtained  them  from  Golleyhurst  near 
Manchester ;  others,  less  perfect,  are  in  the  collection  of  Mr.  Ward, 
of  Longton,  who  collected  them  from  the  Deep-Mine  Ironstone  of 
that  locality.     Burnley,  Lancashire,  collected  by  Mr.  G.  Wild. 

I  have  pleasure  in  naming  this  species  after  Mr.  Plant,  who  has 
always  been  most  liberal  in  affording  me  access  to  the  specimens  of 
Goal-measure  Fishes  in  his  collection. 

Acrolepis  Wilsoni,  sp.  nov..  Ward,  MS. 

Exposed  surface  of  scale  i  inch  in  height  by  -sV  in  breadth : 
rhombic,  closely  covered  with  small  pits  about  iV  ii^ch  in  diameter, 
which  in  the  middle  of  the  area  are  arranged  quite  irregularly,  bat 
above  and  below  are  disposed  in  three  or  four  regular  lines  parallel 
with  the  upper  and  lower  margins  respectively.  The  surface 
between  the  pits  is  minutely  fretted  with  excessively  delicate  grooves, 
only  perceptible  by  aid  of  a  lens. 

The  well- developed  covered  area  projects  upwards  in  an  angular 
process,  the  articular  spine  is  strongly  marked. 

BemarTcs, — The  scale  described  above  was  collected  by  Mr.  E. 
Wilson,  F.G.S.,  from  the  Yoredale  Shales  of  Turnditch,  near  Belper, 
Derbyshire,  and  recognized  as  new  by  Mr.  Ward,  of  Longton, 
through  whose  intermediation  it  came  into  my  hands  for  description.^ 
The  shape  of  the  scale  indicates  Acrolepis  as  its  genus,  but  the 
pecularity  of  its  markings  entitles  it  to  specific  distinction,  and 
accordingly,  at  the  request  of  Mr.  Ward,  I  name  it  Acrolepis  WtUoni, 

^  Since  the  period  here  referred  to,  the  scale  has  come  into  the  poMeadon  of  tbe 
British  Museum. 
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III. — On  a  Limbstoki  with  Concentbio  Struotubi  from  Eulu, 

NoBTH  India. 

By  C.  Dayies  Sherbobx,  F.G.S. 

IN  the  Thirty-Sixth  Annual  Report  on  the  New  York  State  Museum 
of  Natural  History  (8vo.  Albany,  1884),  is  a  folding  plate 
with  a  fly-leaf  descriptive  of  a  specimen  with  peculiar  structure  from 
the  CalciferouB  Sandstone  group  of  Greenfield,  Saratoga  Co.  It  is 
referred  to  a  new  genus  and  species  under  the  name  of  Cryptozoon 
proliferum,^  but  no  author's  name  appeared  to  either  the  plate  or 
the  description.'  The  peculiar  appearance  of  the  American  figure 
reminded  Prof.  Rupert  Jones  of  a  specimen  in  his  collection,  and 
having  kindly  placed  it  in  my  hands  and  permitted  me  to  bring  it 
before  the  notice  of  the  readers  of  the  Geologioal  Magazine,  he 
has  given  it  to  the  British  Museum.  Prof.  Jones's  specimen  was 
collected  by  the  late  John  Calvert,  F.G.S.,  the  author  of  '*  Yazeeri 
Rupi,  the  Silver  Country  of  the  Vazeers  in  Kulu,"  •  and  the  rock 
is  referred  to  at  p.  8  of  that  book.  The  specimen  was  shown  by 
Mr.  Calvert  to  Sir  Warington  W.  Smyth  (whose  opinion  as  to  its 
inorganic  nature  is  quoted  by  Mr.  Calvert),  and  afterwards  given  to 
Prof.  Jones.  At  first  sight  it  very  much  resembles  the  figures  of 
the  American  fossil.  It  consists  of  an  oblong  slab,  4  x  2^  x  1  ins., 
showing  in  its  centre  a  round  or  rather  oval  concretion,  the  matrix 
being  dark  slate-coloured  limestone,  similar  in  general  appearance  to 
our  Carboniferous  Limestone.  One  face  of  the  slab  has  been  cut 
through  the  centre  of  the  round  mass  and  the  other  face  half-way 
between  the  centre  and  the  periphery.  The  concentric  structure 
occupying  nearly  the  whole  of  the  surface  of  the  slab  (as  may  be 
seen  in  the  accompanying  Figure)  touches  one  side ;  and  only  the 
comers  of  the  slab  show  the  undisturbed  bluish  matrix.  The  rings 
are  of  many  shades  of  grey,  with  a  few  of  an  orange-pink  colour 
passing  into  brown.  On  two  sides  of  the  face  of  the  slab  are  indi- 
cations of  other  concentric  masses,  and  with  one  of  these  the  example 
in  question  appears  to  have  been  joined,  as  it  shows  a  tendency  to 
assume  a  pear  shape,  with  a  **  point  below  "  the  root  or  starting- 
point  of  growth — as  in  the  description  of  the  figures  of  the  American 
form. 

It  seems  certain  that  the  American  specimens  are  of  organic  origin, 
for  we  are  told  that  **  the  substance  between  the  concentric  lines  in 
well-preserved  specimens  is  traversed  by  numerous,  minute,  irregu- 
lar oanaliculi,  which  branch  and  anastomose  without  regularity," 
and  that  "  the  central  portions  of  the  [concentric]  masses  are  usually 
filled  with  crystalline,  granular,  and  oolitic  material,  and  many 
specimens  show  the  intrusion  of  these  extraneous  and  inorganic 
substances  between  the  concentric  lamince."     In  the  Indian  specimen 

^  Since  this  paper  was  written  and  handed  in  to  the  Geol.  Mao.  another  note  on 
Cryptozoon  has  oeen  published  in  the  14th  Ann.  Rep.  Geol  N.H.  Survey,  Minnesota, 
for  1886,  8vo.  St.  Paul,  1886. 

*  The  authorship  of  this  paper  has  been  referred  to  Dr.  James  Hall,  of  Albany. 

*  8yo.  London  and  New  lork,  1873. 
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there  are  neither  of  these  evidenoea ;  but  the  last  few  re^Iar  rinea— 
of  a  pale  ash-grey  colour — are  crowded  with  straight  or  Blight); 
curved  fibre-like  markings,  rarely  bifurcating.  sometimeB  solitary  aod 
■ometimes  in  bundles.  They  are  indicated  by  white  linear  streaki, 
and  under  the  microsoope  are  seen  to  be  minute  oraoks  through  the 
layers.  They  do  not  radiate  from  the  centre  of.  the  mass,  and  are 
apparently  quite  independent  of  the  original  crystallization ;  for  in 
some  instances  they  are  tangential  to  the  series  of  ringa.  In  some 
of  the  darker  rings,  radial  cryBtallizatiou  is  well  marked,  round  the 
outer  edge,  and  we  can  see  distinctly  that  Bucb  layen  would,  if  their 
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fiorface  were  exposed,  exhibit  a  niammillated  appearance.  The 
fibre-like  cracks  and  the  radial  crystal]  izati on  are  both  too  fine  to 
show  in  the  Figure,  which  represents  the  specimen  about  natural  size ; 
but  their  position  is  indicated  by  the  block  triangles.  The  centre 
is  a  woolly-looking  oval  moss,  three -qunrterH  of  an  inch  in  iti 
longest  diameter,  of  a  pale-grey  colour,  and  may  owe  its  appearance 
to  its  being  semi  translucent  and  crystalline. 

We  have  neither  granular  nor  oolitic  material  visible  in  the  Indian 
specimen.     Cracks  run  thraugh  it  in  several  directions  i  but  tiuM 
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filled  up  with  white  crystalline  infiltrations.  One  of  these 
res,  pcissing  right  through  the  central  portion,  gives  off  there  a 
11  quantity  of  a  brown  fluffy  material,  perhaps  ferruginous. 

0  organic  tissue  seems  to  be  traceable  ;  and  with  this  view  it  is 
resting  to  find  an  inorganic  so  closely  resembling  an  organic 
cture.     It  might  well  pass  for  Cryptozoon  were  the  figure  only  of 

form  known  to  us,  without  its  detailed  description, 
he  specimen  has  now  been  deposited  in  the  British  Museum 
tural  History),  where  a  section  has  been  cut  from  the  face  of  the 
s,  so  as  to  permit  of  a  more  exact  examination  of  its  structure, 
he  following  is  an  extract  from  a  letter  to  the  Editor  received 

1  Prof.  H.  A.  Nicholson,  D.Sa,  F.G.S.,  and  gives  the  expression 
lis  opinion  after  an  examination  of  the  Eulu  limestone: — 

I  have  made  a  careful  examination  of  the  slide  of  the  'Eulu' 
iimen  which  you  sent  me,  so  far  as  its  condition  allows.  I  am  not 
>ared  to  give  any  positive  opinion  about  it,  but  have  no  hesitation 
lying  that,  so  far  as  I  can  judge,  it  is  certainly  organic;  but  that 
organism  (whatever  may  have  been  its  nature)  has  been  subjected, 
lequently  to  entombment,  to  great  alteration  by  pressure  and 
tallization.  I  have  seen  and  examined  very  similar  specimens, 
1  both  Silurian  and  Devonian  strata,  where  one  had  unquestion- 
'  to  deal  with  an  organism,  but  where  precisely  similar  alterations 
taken  place.  Thus,  masses  of  Heliolites  Oroya  and  Heliolitet 
•«a  often  occur  in  this  condition.  Stroraatoporoids  also  very  often, 
e  of  the  things  which  M.  Dupont  has  described  from  the  altered 
onian  Limestones  of  Belgium  under  the  name  of  Stromatactis  are 
.  very  similar  character.  I  have  examined  specimens  of  these, 
while  some  appear  to  be  due  to  a  peculiar  crystalline  structure 
luced  by  inorganic  causes,  others  seem  to  be  certainly  organic, 
to  be  due  to  the  action  of  pressure  and  crystallization,  upon  such 
.nisms  as  Heliolites  porosa  and  some  of  the  Stromatoporoids.  So 
18  your  *  Eulu '  specimen  goes,  I  should  not  like  to  be  dogmatic 
3r  way,  but  it  is  (to  say  the  very  least)  quite  as  likely  to  be  aa 
*ed  fossil  as  a  mere  concretion.  It  shows,  in  fact,  some  features 
3h  would  strongly  incline  me  to  the  view  that  it  is  the  former. — 
rdeen  University,  Feb.  20th,  1888." 


—On  a  Hornblende-Hypersthbnk-Pebidotitb  from  Losilwa, 
i  low  hill  in  Taveta  District,  at  the  S.  Foot  op  Eilima- 
njAKo,  E.  Africa. 

By  Frederick  H.  Hatch,  Ph.D.,  F.G.S.,  H.M.  Geological  Survey. 

SMALL  series  of  rock-specimens,  consisting  chiefly  of  fragments 
of  basalt,  dolerite,  volcanic  conglomerate  and  tuff,  which  were 
3cted  near  Kilima-njaro,  by  F.  Holmwood,  Esq.,  C.B.,  late 
3ul-General  at  Zanzibar,  was  recently  forwarded  to  the  Museum 
ermyn  Street,  and  placed  by  Dr.  A.  Geikie  in  my  hands  for  deter- 
sition.  Among  these  specimens  was  a  small  block,  the  crystalline 
are   and   high   density   of  which   at  once    arrested    attention 
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Freshly  fractured  surfaces  of  this  rock  present  nnmeronfl  glistenmg 
facets,  which  with  the  aid  of  the  pocket-lens  are  seen  to  be  the  oleaTage- 
faces  of  a  yellowish-green,  a  dark-green,  and  a  garnet-red  mineral. 
These  minerals  are  respectively  olivine,  hornblende,  and  hyperBthene 
in  nearly  equal  proportions,  the  hornblende  being  perhaps  slightly 
predominant  They  form  a  holocrystalline  granular  aggregate,  in 
which  the  grains  are  of  nearly  equal  size  and  without  crystalline 
contours;  in  other  words,  the  structure  is  aUoiriomor^kie-^rantdar, 
Subordinate  both  in  size  and  quantity  to  the  three  principal 
constituents  is  magnetic  iron-ore. 

A  rude  foliation  or  banding,  which  is  only  just  perceptible  in  the 
hand-specimen,  is  rendered  apparent  under  the  microscope  by  a 
tendency  to  uniform  orientation  of  the  constituents,  more  especially 
of  the  hornblende-grains.  This  seems  to  indicate  that  the  rock,  like 
many  other  peridotites,  constitutes,  in  sitil,  an  integral  part  of  a  banded 
crystalline  series — an  assumption  which  by  no  means  excludes  the 
possibility  of  igneous  origin.^ 

Under  the  microscope  a  brilliant  picture  is  produced  by  the 
contrast  between  the  bright  grass-green  of  the  hornblende  and  the 
beautiful  salmon  colour  of  the  hyperstbene,  the  olivine-grains  being 
colourless.  On  rotating  the  section  in  polarized  light  (without  the 
upper  Nicol)  the  striking  pleochroism  of  the  hyperstbene  becomes 
visible.  In  order  to  determine  the  colour  of  the  rays  vibrating 
parallel  to  the  different  axes  of  elasticity,  sections  were  sought  io 
which  the  cleavage-lines  intersected  at  an  angle  of  about  90^.  Suoh 
sections  present,  in  convergent  polarized  light,  the  emergence  of  an 
axis  of  least  elasticity  (7).  In  parallel  light  the  colours  of  the  rays 
vibrating  parallel  to  a  and  /3  can  be  determined.     They  are  : — 

a^rich  salmon-red. 

p^zvery  pale  yellow  (almost  colourless). 

Sections  which  have  only  one  set  of  cleavage-lines  extinguish 
straight,  and  give  for  rays  vibrating  in  this  direction  (7)  the 
characteristic  pale  sea-green  colour. 

Thus  we  have  a  >  7  >  /3. 

The  hornblende,  which  is  of  a  rich  green  colour,  is  chiefly 
remarkable  for  the  imperfection  of  its  cleavage-cracks,  these  being 
not  nearly  so  sharply  defined  as  is  usual  in  this  mineral.  Its 
relation  both  to  the  olivine  and  to  the  hyperstbene  shows  that  the 
hornblende  was  the  last  product  of  consolidation.  It  is  found,  for 
instance,  enclosing  grains  of  both  hyperstbene  and  olivine— a 
structure  which,  when  more  largely  developed,  produces  the  *  lustre- 
mottling  '  described  by  Williams  and  others.  The  pleochroism, 
which  is  marked,  is  as  follows : — 

a=:pale  yellow, 
^znyellowish  green. 
(^=bluish  green. 
7  >  /3  >  a. 

*  Thomson  (**  Through  Mas8ai-Land,"  London,  1885)  repeatedly  mentions  the 
occurrence  of  metomorphic  rocks  in  this  neighbourhood.    They  are  seen,  accoiding  to 
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The  olivine  is  perfectly  fresh  and  consequently  colourless.  High 
magnification  discloses,  both  in  this  mineral  and  in  the  hornblende, 
the  presence  of  parallel  rows  of  opaque  rod-like  enclosures.  The 
freshness  of  the  minerals  that  contain  them  seems  to  preclude  the 
idea  of  these  bodies  being  of  ^leoondary  origin. 

The  iron-ore  occurs  in  irregular  opaque  grains  which  are  easily 
attracted,  and  removed  from  the  powdered  rook,  by  a  small 
bar-magnet  These  grains  are  often  edged  by  irregular  plates  of 
a  translucent  green  mineral,  which  also  occurs  in  isolated  grains, 
or  included  in  the  hypersthene.  In  the  latter  case  it  sometimes 
assumes  an  octahedral  form.  It  is  isotropic  and  belongs  probably  to 
the  spinell-group  (pleonast  or  hercynite). 

With  regard  to  the  name  applied  to  this  rock,  its  right  to  a  place 
among  the  peridotites  is  at  once  established  by  its  high  density 
(sp.  g.=d'd),  the  complete  absence  of  a  felspathic  constituent,  and 
the  presence  of  a  considerable  proportion  of  olivine ;  although  the 
latter  is  not  the  dominant  constituent  Were  the  classification 
advocated  in  the  new  edition  of  Rosenbusch's  *'  Physiographie  der 
massigen  Gresteine "  ^  to  be  followed,  the  rock  would  have  to  be 
referred  to  the  homblende-picrites.  Since,  however,  it  bears  no 
resemblance  in  structure  and  composition  either  to  the  rooks  to 
which  Tschermak  originally  gave  the  name  picrite,  or  to  those, 
for  which  15  years  later  Prof.  Bonney  proposed  the  name  hom- 
blende-picrite,  I  do  not  feel  justified  in  adopting  these  terms. 
Indeed  no  small  confusion  seems  to  have  been  caused,  here  as  in 
other  cases  of  rock-nomenclature,  by  the  modification  in  the  meaning 
of  a  term,  the  extension  of  which  has  been  clearly  limited  by  its 
originator. 

The  name  picrite  was  given  by  Tschermak,'  in  1866,  to  crystalline 
rocks  which  are  intrusive  in  the  limestones  and  sandstones  of 
the  Cretaceous  and  Eocene  formations  of  the  highlands  between 
Neutitschein,  Teschen,  and  Bielitz,  in  Moravia  and  Silesicu  These 
rocks  are  described  as  consisting  *'  to  the  extent  of  one  half  of 
crystals  and  grains  of  olivine ;  further  of  a  lime-felspar,  together 
with  diallage,  which  can  be  replaced  by  hornblende,  augite  or  biotite. 
The  texture  is  porphyritic,  with  regard  to  the  olivine,  or  finely 
granular."  ....**  Picrite  bears  the  same  relation  to  olivine-gabbro 
as  basalt  or  melaphyre  to  gabbro."  ^  Like  basalt  it  often  possesses 
*'an  interstitial  substance  which  consists  partly  of  microlites,  partly 
of  a  structureless  isotropic  glass."* 

Later  on  we  find  Giimbel  *  applying  the  term  palceopicrite  to  altered 
rocks  which  consisted  originally  of  olivine,  pyroxene,  and  a  small 

this  author,  to  crop  ont  at  the  very  foot  of  Kilima-njaro  on  the  E.  and  8.  sides.     0. 
Miigge  (Neues  Jahrb.  B.E.  iv.  1886,  p.  576)  has  described  gneissose  mica-schists 
and  amphibolites  from  the  southeni  portion  of  Massai-Land,  as  constituting  members 
of  a  **  gneiss  or  granite-gabbro  formation." 
»  1887,  p.  260. 

*  Sitzungsber.  K.  K.  Akad.  der  Wissensch.  Wien,  1866,  Bd.  liii.  p.  260. 
'  Sitzungsber.  K.  K.  Akad.  der  Wissensch.  Wien.  1867,  Bd.  Ivi.  p.  274. 

*  Die  Porphyrgcsteine  Oesterreichs,  etc.  "Wien,  1H69,  p.  245. 

*  Geogn.  Beschreib.  des  Fichtelgebirges,  Gotha,  1879,  p.  150. 
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quantity  of  plagioclase  and  brown  mica.  The  new  word  was  scarcely 
wanted ;  but  Btill  an  intelligible  use  can  be  made  of  it,  if  it  be  noted 
that  the  palsBopicriteB  bear  the  same  relation  to  the  diabases  that 
the  picrites  do  to  the  basalts.  In  short  the  palseopicrites  are  olivine- 
diabases  in  which  the  felspar  is  quite  subordinate.  In  this  country 
we  have  as  examples  of  typical  palseopicrites,  the  Blackburn  and 
Inchcolm  rocks,  described  by  Dr.  A.  Geikie.' 

In  1881  Prof.  Bonney '  proposed  the  subdivision  of  the  picrites 
into  hornblende-picrite  and  augite-picrite,  according  as  the  dominant 
bisilicate  is  hornblende  or  augite.  Adopting  this  subdivisioD, 
Rosenbusch,  in  his  new  edition,  has  defined  the  homblende-picritea 
as  peridotites  which  consist  essentially  of  olivine  and  hornblende, 
and  the  picrites  as  peridotites  which  consist  essentially  of  olivine 
and  augite,  the  term  peridotite  being  restricted  to  **  plutonic  rocks 
(Tiefengesieine)  with  hypidiomorphic-granular  structure  and  charac- 
terized by  the  absence  of  felspar  and  the  presence  of  abundant 
olivine."  This,  it  will  be  seen,  is  a  considerable  change  in  the 
meaning  originally  attached  by  Tschermak  to  the  term  picrite ;  and 
the  latter,  as  defined  by  Kosenbusch,  admits  of  considerable  variation 
in  structure  and  affinities.  On  the  other  hand,  Tschermak's  picrites 
{e,g,  that  from  Giimbelberg  near  Neutitschein)  have  been  relegated 
to  a  new  group,  viz.  that  of  the  "  picrite-porphyrites."  • 

The  conclusion  to  be  drawn  from  these  digressive  considerations 
is  that  the  picrites  (or  palssopicrites)  are  olivine-augite  rocks  which 
possess  affinities  with,  and  pass,  by  an  increase  in  the  amount  of 
felspar,  into  dolerites  (or  diabases)  and  basalts;  while  the  hom- 
blende>picrit«s,  on  the  other  hand,  appear  to  be  rocks  which  possess 
affinities  with,  and  pass  into,  diorites. 

The  peridotite  from  Eilima-njaro,  described  above,  contains  no  trace 
of  felspar,  has  a  specific  gravity  of  3*3,  is  holocrystalline  and  granular, 
and  exhibits  indications  of  foliation — characters  which  are  incom- 
patible with  those  of  the  picrite  group.  It  bears,  however,  some 
resemblance  to  the  homblende-peridotites  of  Peekskill,  Hudson 
Eiver,  N.  J.,  described  by  G.  H.  Williams ;  *  and  I  have  therefore 
followed  his  system  of  nomenclature.  If  a  distinctive  name  were 
really  requisite,  the  name  Cortlandtite,  suggested  by  Williams  for 
these  rocks  because  of  their  relation  to  the  Cortlandt  series  of  Dana, 
might  be  adopted. 

Mr.  Teall  has  shown  me  peridotites  from  Scourie  in  Sntherland- 
shire,  which  bear  a  still  more  stiiking  likeness  to  the  Kilima-njaro 
rock.* 

^  Trans.  Koy.  Soc.  Edin.  vol.  xxix.  (1880),  p.  604. 

*  Q.  J.  G.  S.  vol.  xxxvii.  (1881),  p.  137. 

'  Physiog.  der  Massig,  Gest.  1887,  p.  618. 

*  Amcr.  Journ.  of  Sci.  vol.  xxxi.  1886,  p.  26. 

^  These  Scourie  rocks  are  placed  by  Rosenbusch  among  the  homblende-picritea, 
l.e,  p.  267. 
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V. — On  the  Humerus  of  Euclastes. 

By  Louis  Dollo,  C.E.  ; 
itant  Naturalist  in  the  Royal  Museum  of  Natural  History  of  Belgium.  Brussels. 

. — To  avoid  useless  repetitions,  I  shall  consider  as  admitted  what 
ive  said  in  my  paper  "  Sur  le  genre  Eudastes,**  ^  especially : 
.  Euelastes,  Cope  =  Chelone,  Owen  (non  Ritg.)  (pars)  =  Lyioloma^ 
•e  =  Puppigerus,   Cope    (pars)  =  Olossoehdys,    Seeley  =  Paehtf' 
whus,  Dollo  =  Erquelinnesia,  DoUo. 

.  The  diagnosis  of  the  Fropleurida,  as  I  have  completed  it. 
I. — This  being  stated,  I  think  that  the  far  more  chelydroid  than 
lonoid  humerus  of  the  above-named  Turtles  is  one  of  the  most 
•resting  facts  of  their  organization.  Indeed,  if  we  remove, 
the  present,  from  the  Dactyloplastrine  Cryptodiran  Theoophorian 
)lonians : ' 

.  The  TrionychidtBy  with  which  the  Propleurida  have  nothing  in 
imon,  as  is  sufficiently  proved  particularly  by  their  carapace  and 
It  plastron ; 

.  The  Propleurida  themselves,  since  it  is  precisely  these  which 
are  comparing  with  the  others ;  we  have  only  really  to  examine 
two  following  types: 
.  The  Chelonida; 
.  The  Chelydrida. 

Cow,  by  their  skull '  and  their  procoelous  caudal  vertebras,^  the 
pleurida  are  related  to  the  first-named  family.  Their  carapace 
their  plastron  would,  it  is  true,  appear  to  place  them  nearly  at 
qual  distance  between  the  Chelonida  and  the  Chelydrida,  especially 
kccount  of  the  degree  of  ossification.  Nevertheless,  as  the  nuchal 
e  does  not  possess  the  characteristic  costiform  process  of  the 
3r,'  I  think  that  we  should  not  be  justified  in  regarding  the 
cture  of  the  carapace  and  plastron  as  a  sign  of  relationship  with 
last-mentioned  family ;  it  is  a  question,  in  the  case  which  we  are 
sidering,  of  a  simple  coincidence  in  two  parallel  series.  The 
pleurida  might  then  be  looked  upon  as  aberrant  Chelonida,  ranking 

L.  Dollo,  **  Sur  le  genre  Euekutes,**  Soci6t^  g^logique  du  Nord,  Annales  xt. 

-88  (in  the  press). 

L.  Dollo,  **  Premiere  Note  sur  les  Ch^loniens  du  Bruxellien  (Eocene  moyen)  de 

slgique,"  Bull.  Mus.  Roy.  Hist.  Nat.  Belg.,  t.  iy.  1886,  p.  84. 

R.  Owen  and  T.  Bell,  **  Monograph  on  the  Fossil  ReptUia  of  the  London  Clay," 

i.  Chelonia,  Palaeontograpbical  Society,  1849,  pp.  9  and  10 ;  £.  D.  Cope, 
nopsis  of  the  Extinct  Batrachia,  Reptiha  and  Ayes  of  North  America,"  Trans, 
r.  Phil.  Soc.  Philadelphia,  1871,  vol.  xIt.  p.  148;  L.  Riitimeyer,  "Ueber  den 
Yon  Schale  und  Schadel  bei  lebenden  und  fossilen  Scbildkroten  als  Beitrag  zu 

palaontologischen  Gescliichte  dieser  Thiergruppe,*'  Yerhandl.  d.  naturforsch. 
llschaft  in  Basel,  vol.  vi.  1874-78,  p.  122. 

L.  Dollo,  **  Suclastesy**  etc.  {loc.  eit.).  It  is  known  that,  in  the  Chelydrida,  the 
d  vertebne  are  opisthocoelous  (E.  D.  Cope,  '*  The  Vertebrata  of  the  Tertiary 
lations  of  the  West,"  Rep.  U.S.  Geol.  Surv.  Territ.  (F.  V.  Hayden),  1884,  p.  111). 
>.  Baur,  •' Osteologische  Notizen  iiber  Reptilien,"  Zoologischer  Anzeiger,  22 
mbre,  1886,  p.  688 ;  R.  Lydekker  and  G.  A.  Boulenger,  **  Notes  on  Chelonia 

the  Purbeck,  Wealden,  and  London  Clay,"  Geological  Magazine,  June, 

p.  273  ;  L.  Dnllo,  *'  Premiere  Note  sur  les  Ch61oniens  oligoc^nes  etn^og^nes 
Belgique,"  Bull  Mus.  Roy.  Hist.  Nat.  Belg.  t.  y.  1888,  p.  92. 
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as  a  snbfamily,  my  Paehyrhyneh]/nmj^  did  not  tlieir  peonliar  homerns 
show  us  a  type  having  limbs  wholly  different  from  those  of  the 
Chelonidaf  and  even  to  such  a  degree  that,  on  aocoant  of  them,  it  is 
necessary  to  create  a  distinct  family,  the  Propleurida  of  Mr.  E.  D. 
Cope.' 

III. — We  will  now  proceed,  more  in  detail,  to  the  study  of  the 
humerus  in  question : 

1.  To  show,  first,  that  it  is  really  more  chelydroid  than  ohelonoid ; 

2.  Then,  as  it  might  be  doubted,  we  shall  demonstrate  that  it  really 
belongs  to  the  Turtle  to  which  we  ascribe  it ; 

3.  Lastly,  we  shall  draw  from  our  observations  the  condlasions  to 
which  we  shall  be  led,  notably  with  regard  to  Phylogeny, 

lY. — To  begin  with,  we  shall  compare  the  humerus  of  Chelydra 
to  that  of  Chelane ;  we  shall  find  : ' 


Charactbrs. 

Chblydra  (Fig.  i). 

Chblonb  (Fig.  3). 

I. 
General  form. 

Elongated,  sigmoid.    Section,   at 
the  narrowirst  point,  distally  to 
processes,  elliptic,  but  differing 
slightly  from  a  circle. 

Less  elongated,  rectilinear.  Sec- 
tion,  at  the  narrowest  point,  dis- 
tally  to  the  process,  more  or  less 
elliptic,  but  very  flattened. 

2. 

Head. 

Longest  axis  very  oblique  on  the 
longest  axis  of  the  distal  end. 

Longest  axis  perpendicular  to  the 
longest  axis  of  toe  distal  end. 

Mesial  process. 

Hardly  rising  above  the  head,  when 
ike  longest  axis  of  the  humerus 
is  verttcal. 

Rising  very  much  above  the  head, 
humerus  is  vertical. 

Lateral  process. 

Placed  close  to  the  head. 

Clearly  detached  from  the  head  and 
placed  nearer  to  the  distal  end. 

Intertuoercular 
fossa. 

Placed  close  to  the  head,  with  the 
longest  axis  perpendicular  to  the 
longitudinal  axis  of  the  humerus, 
andwed^ed  in  between  the  lateral 
and  mesial  processes. 

Less  well  circnmscribed,  oblique, 
with  the  greatest  axis  nearljy  direc- 
ted  according  to  the  longitudinal 
axis  of  the  humerus,  extending 
towards  the  distal  end. 

6. 
Condyles. 

Well  marked,  and  forming  nearly 
the  whole  of  the  distal  end  of  the 
humerus. 

Forming  hardly  half  die  distaJ  end 
of  the  humerus;    displaced   me- 

sially. 

7. 
Ectepicondyle. 

Hardly  developed. 

Much  more  developed ;  it  causes  the 
condyles  to  be  displaced  mesially. 

8. 

Bctepicondylar 

foramen. 

ie.) 

Missing ;  replaced  by  a  groove. 

Present,  but  placed  nearer  to  the 
longitudinal  axis  of  the  humerui 
than  the  groove  of  Chblydra. 

v.-  But : 

1.  By  its  general  form  ; 

2.  By  its  head ; 

3.  By  its  mesial  process ; 

4.  By  its  lateral  process  ; 

5.  By  its  intertubercular  fossa ; 


(Fig.  2.) 


*  L.  Dollo,  *  •  Premit^re  Note  sur  les  Ch^loniens  landcniens  (Eoc6ne  inf^rienr)  de 
la  Belgique,"  Bull.  Mas.  Roy.  Hist.  Nat.  Belg.  t.  iv.  1»86,  p.  139. 


*  E.  D.  Cope,  «*  Synopsis,"  etc.,  p.  235. 

*  L,  Dollo,  '*Chelomenfl  oUgoc^nea;*  etc.,  i^.n^. 
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the  bnmenui  of  Euda8te$  is  of  the  type  of  that  of  Chelydra  and  not 
of  that  of  Chelone, 

VL — Nevertheless,  we  shall  remark  that,  although  being  more 
ohelydroid  than  chelonoid  as  a  whole,  the  humerus  of  Euelastes ; 

1.  By  its  curvature  less  sigmoid  and  its  flatter  form ; 

2.  By  its  head  slightly  less  oblique  on  the  greatest  axis  of  the 
distal  end; 

3.  By  its  lateral  process  less  elevated,  slightly  more  detached  from 
the  head,  and  less  distinctly  perpendicular  to  the  surface  on  which 
the  orifice  of  the  ectepicondylar  foramen  is  situated ; 

'  4.  By  its  condyles  less  developed  and  slightly  more  displaced 
mesially ; 

5.  By  its  more  marked  ectepicondyle ; 

6.  By  the  presence  of  an  ectepicondylar  foramen  ; 

differs  slightly  from  the  type  of  Chelydra  and  shows  an  approxima- 
tion towards  Chelone. 

The  foregoing  considerations  prove,  evidently,  that,  if  the  limbs 
of  EwHastes  were  infinitely  less  adapted  to  aquatic  life  than  those  of 
Chelone,  they  were,  however,  more  so  than  those  of  Chelydra  and 
perhaps  even  than  those  of  Trionyx}  But  we  shall  return  to  this 
subject  further  on. 

VII. — Does  the  humerus  referred  to  Euclastes  QosseUti,  Dollo, 
belong  really  to  that  Turtle  ?    I  think  so ;  because : 

1.  The  fossil  Vertebrates  of  the  Erqiielinnes  sandpits  were  sent 
to  the  Museum  of  Brussels  in  separate  parcels  containing  bones  im- 
bedded in  sand.  Each  parcel  included  the  remains  of  one  specimen. 
Now,  we  have  got  two  humeri  appertaining  to  the  same  side  (there- 
fore from  distinct  individuals),  and  each  of  them  came  in  its  own 
parcel  containing  exclusively  bones  of  Eticlaates;  I  shall  also  add 
that  they  were  sent  at  different  times ; 

2.  The  humeri  agree  in  size  with  the  accompanying  skeletons ; 

3.  They  are  also  in  the  same  state  of  fossilization,  they  have  the 
same  aspect ; 

4.  If  they  should  not  be  admitted  to  belong  to  Euclastes,  taking 
into  consideration  the  Chelonian  fauna  of  Erquelinnes,  there  would 
only  remain  to  look  upon  them  as  Trionyx  ;  but : 

A.  They  are  of  too  large  a  size  to  have  appertained  to  the  skeletons 
of  Trionyx  of  which  carapaces  have  as  yet  been  found  at  Erquelinnes ; 

B.  They  are  also  too  dark  in  colour ; 

C.  They  offer  besides  differences  from  Trionyx  in  the  general  form, 
the  head,  the  lateral  process,  the  intertubercular  fossa,  the  condyles, 
the  ectepicondyle,  and  the  presence  of  an  ectepicondylar  foramen  ; 

5.  Moreover,  Euclastes  is  so  abundant  at  Erquelinnes  compara- 
tively with  other  Chelonians  (certainly  10  to  1  with  respect  to 
Trionyx)  that : 

A.  If  the  humeri  had  been  found  isolated,  which  is  not  the  case  ; 

*  On  accoant  of  the  distal  extremity  of  the  humerus,  and  the  metapodials  (or 
phalanges)  which  seem  devoid  of  condyles,  as  has  already  been  observed  by  Mr.  £.  D. 
Cope  (fertiary  Vertebrate,  etc.,  p.  Ill],  and  as  I  have  also  noticed  (L.  Dollo, 
£uclasteSf  etc.,  he.  eii.). 
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B.  If  their  size  corresponded  equally  with  that  both  of  Tnontpt 
and  of  Euclastes,  which  is  not  the  case ; 

C.  If  the  fossilization,  and  especially  the  colour,  had  been  the 
same,  which  they  are  not ; 

they  ought  still,  according  to  the  law  of  probability,  to  be  referred 
to  Euclastes ; 

6.  Lastly,  on  the  other  side  of  the  Atlantic,  Mr.  E.  D.  Cope  has 
made  known,  a  long  time  ago,^  that  the  Cretaceous  PropUurida  had 
a  more  chelydroid  than  chelonoid  humerus,  and  he  was  so  much 
impressed  by  this  structure,  amongst  others,  that  he  began  by 
placing  with  the  Chelydrtda  the  genera  which  have  sinoe  composed 
his  Fropleurida» 

After  what  has  been  said  above,  it  seems  to  me  beyond  doubt  that 
the  humeri  described  as  belonging  to  Euclastes  really  appertain  to 
that  genus. 

However,  a  further  verification,  which  I  am  going  to  mention, 
appears  to  me  possible.  The  Erquelinnes  Chelonians  are  imbedded 
in  sand,  consequently  in  a  matrix  devoid  of  cohesion ;  on  the  con- 
trary, the  London  Clay  Chelonians,  several  of  which  ought  certainly 
to  be  classed  among  the  Fropleurida,^  are  found  not  only  in  day, 
a  more  coherent  substance,  but  each  of  them  is  said  to  be  included 
in  a  "  nodule  of  petrified  clay." "  Under  these  conditions,  the  latter 
show  with  more  certitude  the  bones  which  come  from  the  same 
Individual.  Now,  Chelone  longiceps,^  Owen,  is  one  of  the  types 
belonging  to  the  Propleurida,  as  I  understand  them,  and  the  skull, 
the  carapace,  as  also  Uie  humerus,  are  still  adhering  together.*  If, 
then,  the  humerus  is  of  the  shape  of  our  Fig.  2  (Eudastes  QossekUy 
Dollo),  the  above-mentioned  verification  will  be  made.  Therefore, 
it  is  to  be  wished  that  an  English  naturalist  should  consent  to 
examine  this  point ;  and  it  is  precisely  to  make  known  this  desidera- 
tum that  I  have  chosen  the  pages  of  the  Gbolooigal  Magazine  to 
publish  the  present  paper.  I  am  aware  that  Sir  B.  Owen  says, 
speaking  of  the  humerus  in  question  :  *'  The  humerus  presents  the 
usual  characters  of  that  of  the  Chelones"*  But  the  celebrated 
naturalist  may  not  have  had  his  attention  especially  drawn  to  this 
bone;  moreover,  judging  by  the  figure  which  he  gives  of  it,'  it 
appears  to  me  somewhat  mutilated,  as  also  imperfectly  cleared  of  its 
matrix.  I  shall  add  that  it  is  not  one  specimen  only  that  should  be 
studied,  but  all  those  coming  from  the  London  Clay,  which  can  be 
referred  to  Propleurida,  and  in  which  the  humerus  is  associated, 
beyond  a  doubt,  with  other  characteristic  remains. 

VIII. — It  ought  to  be  inferred  from  the  preceding  pages  that  the 
Propleurida  were  Turtles  not  so  well  adapted  to  an  aquatic  life  as 

*  E.  D.  Cope,  **  Synopsis,*'  etc.,  pp.  130  et  235. 

*  L.  Dollo,  *'  Cheloniens  land^niens,**  etc.,  p.  137 ;  B.  Lydekker  and  G.  i. 
fioulenger,  **  Notes  on  Chelonia,*'  etc  ,  Geol.  Mao.  p.  271. 

»  R.  Owen  and  T.  Bell,  •*  Monog^raph,"  etc.,  p.  40. 

*  R.  Owen  and  T.  Bell,  *'  Monograph,"  etc.,  p.  16. 

*  R.  Owen  and  T.  Bell,  **  Monograph,"  etc.,  pi.  iv. 

*  R.  Owen  and  T.  Bell,  "Monograph,"  etc.,  p  17. 
''  B,  Owen  and  T.  Bell,  "  MouograpVi "  eW,,  ^\.  Vv. 
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true  Chelone,  Since  the  first  Chelonians  were  certainly  terrestrial,^ 
and  that  the  PropUurida  are,  especially  as  far  as  the  limhs  are 
concerned,  nearer  to  the  primitiye  stock  of  the  Testudinata  than  the 
living  Chelone,  it  may  be  inqtiired  whether  these  Propleuridm  are 
not  the  direct  ancestors  of  the  latter.  I  do  not  think  so,  for  the 
following  reasons.  Notwithstanding  that  the  Cretaceous  beds '  con- 
taining Proplenrida  are,  without  doubt,  older  than  the  Cretaceous 
beds '  in  which  the  oldest  true  Chelone  *  has  been  found,  and  that, 
consequently,  in  the  present  state  of  knowledge,  there  is  no  contra- 
diction so  far,  as  to  time,  I  am  of  opinion  that  the  structure  of  the 
mandible  ^  suffices  alone  to  make  us  consider  that  descent  as  impos- 
sible. Indeed,  a  short  symphysis  is  primitive,  a  long  one  derived. 
Therefore,  it  is  not  at  all  likely  that  the  latter  has  given  rise  to  the 
former.  Moreover,  the  carapace,  the  plastron,  and  the  choanes '  point 
also  in  the  same  direction.^ 

IX. — But,  without  being  the  direct  ancestors  of  the  Chehnida,  the 
Proplenrida  may  enlighten  us  as  to  these  ancestors,  just  as  Heeperor' 
nisy^  which,  on  account  of  its  much  reduced  wings,  could  not  be  the 
precursor  of  any  of  the  living  Birds,  throws  light  on  the  dentition 
of  the  forms  from  which  they  have  been  derived.  The  Proplenrida 
show  us  the  large  head,'  the  separated  nasals,^^  and  the  more 
terrestrial  limbs  possessed  at  one  time  by  true  Chelone.  Thus, 
PaliBontology  furnishes  material  proof  of  facts  already  foreseen  by 
Morphology. 

X. — According  to  Mr.  E.  D.  Cope,"  the  relations  between  the 
Dactyloplastrine  Cryptodiran  Thecophorian  Chelonians  are  the  fol- 
lowing : 

Chelydrida. 


Proplenrida. 

Chelonida.  m  .      '  r*i 

Irtonychta^. 


I  cannot  admit  this  grouping,  because  : 

1.  How  could  the  Trionychida  have  transmitted  to  the  Proplenrida 
the  marginal  bones,  which  they  have  lost  themselves  ? 

»  G.  Baur,  "Notizen,"  etc,  p.  688. 

'  L.  Dollo,  **  Eiteiasteff**  etc.  Because,  in  England,  there  is  no  Danian  (A. 
Geikie,  **  Text- Book  of  Geology,"  p.  815) ;  and,  in  the  United  States  of  America, 
the  fossils  found  in  the  EuelaMtea-heds,  for  instance,  Teredo  tibialU  and  Oryphaa 
vomer y  are  considered  by  D'Orbigny  as  Senonians  (Prodrome  de  Pal^ontologie  strati- 
graphique,  Paris,  1850-52).  '  Danian  (Tuffeau  de  Maesthcht). 

*  *'  Chelone  Hoffmanni*^  Gray.  .  .  .  <<  Bis  jetzt  ist  dies  indessen  das  alteste  Fossil 
aus  Europa,  das  mit  vollem  Kecht  den  Is' amen  Chelone  tragt''  (L.  Kiitimeyer, 
♦♦Ueher  den  Ban,"  etc.,  p.  119). 

*  L.  Dollo,  **  Chelonians  land^niens,"  etc.,  p.  134. 

*  L.  Dollo,  **  Cheloniens  land^niens,*'  etc.,  p.  133. 
'  L.  Dollo,  **  Euelanfee,*'  etc.  {he.  eiC). 

^  O.  C.  Marsh,  *'Odontomitbes;  a  Monograph  on  the  Extinct  Toothed  Birds  of 
North  America,"  New  Haven,  1880,  p.  62. 

*  L.  Riitimever,  **  Ueber  den  Bau,"  etc.,  p.  122. 

^0  L.  Dollo,  ''*  Cheloniens  landeniens,"  etc.,  p.  132. 
1^  E.  D.  Cope,  "  Tertiary  Vertebrata,"  etc.,  p.  115. 
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2.  How  have  the  proocBlouB  oandal  yertebrsB  of  the  Prapleurida 
become  the  opisthocoelous  caadal  vertebrsd  of  the  Chelydrida  f  Coald 
they  haye  turned  themselves  the  other  way  ?  How  could  the  nuchal 
rib,  lost  by  the  Proplewrida,^  be  present  in  their  descendants,  the 
Chelydrida  f 

3.  Whioheyer  might  haye  been  the  origin  of  the  Chelonida,^  their 
relations  with  the  Propleurida  do  not  seem  to  allow  of  a  diphyletio 
phylogenetic  tree  for  these  two  families. 

XI. — ^Therefore,  we  should  more  likely  haye : 

Chelonida, 

Propleurida. 

I 

Trionychida.  Chelydrida. 

I 


Dactyloplastbinb  Crtfi'odiran  Theoophobian  Chsloniams. 

XII. — One  more  word  before  concluding.  The  Propleurida  not 
being  true  Turtles,  were  they  pelagic  in  their  habits  ?  The  marine 
nature'  of  the  deposit  proves  nothing  in  this  case,  the  beds  in 
question  containing  also  Trionyx^  which,  as  is  well  known,  lives  in 
rivers. 

The  humerus  of  the  Propleurida  has  already  shown  us  that  the 
limbs  of  these  Chelonians  were  less  well  adapted  to  aquatic  life  than 
those  of  the  true  Turtles,  but  that  they  were  more  so  than  those  of 
ChelydrGf  or  even  than  those  of  Trionyx.  The  metapodials  point  also 
in  the  same  direction.  As  is  equally  demonstrated  by  the  carapace 
and  diet,^  Euelastea  was,  therefore,  probably  a  very  littoral  marine 
type. 
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By  Alfred  Harker,  M.A.,  F.6.S., 
Fellow  of  St.  John's  College,  Cambridge. 

IN  the  first  paper  of  this  series*  were  described  several  dykes 
from  the  shores  of  the  Menai  Straits,  belonging  apparently  to 
one  system  of  intrusions,  and  some  of  them  cutting  Carboniferous 
strata.  Their  precise  age,  however,  can  be  fixed  only  on  the  suppo- 
sition that  they  may  fairly  be  correlated  with  certain  post-Carboni- 
ferous but  pre-Permian  dykes  in  the  Anglesey  Coal-field.  These 
latter  rocks  have  a  strong  general  resemblance  to  the  Menai  Straits 
dykes,  and  as  they  are  by  no  means  easily  accessible,  they  will  not 
be  described  in  detaiL      Only  one  will   be  selected,  as  offering  a 

>  L.  Dollo,  **  Fuelastesy^  etc.  {he.  ciC), 

*  **  On  the  Relations  between  Athecaajid  Thecophora,'^  see  L.  Dollo,  "  Cheloniens 
olieoc^nes,**  etc.,  p.  83. 

'  A .  Rutot,  "  Sur  la  position  stratigraphique  des  restes  de  Mammifdres  recueillis 
dans  les  couches  de  TEocene  de  Belgique,"  Bull.  Acad.  Roy.  Belg.  1881,  t.  i.  p.  22. 

*  L.  Dollo,  **  Cheloniens  landeniens,**  etc.,  p.  138. 

^  Geol.  Mao.  Dec.  III.  Vol.  IV.  p.  409,  1887.     See  also  op,  eit,  p.  646. 
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rather  pronounced  type :  the  specimen  is  from  the  Henslow 
collection. 

[571.]  Dolerite  from  dyke  in  coal-pit  at  Llanfihangel.  This  rock 
is  very  fresh  and  of  rather  coarse  grain :  it  shows  at  a  glance  a 
tendency  to  parallelism  in  the  felspars.  Magnetite  is  abundant  in 
the  slide,  partly  in  square  sections  earlier  than  any  other  constituent, 
partly  in  granular  and  imperfectly  crystalline  patches  later  than  the 
dominant  felspar,  but  included  in  the  angite. 

The  felspars  divide  into  two  distinct  generations.  The  earlier 
ones  occur  in  well-formed  crystals,  of  elongated  rectangular  section 
up  to  0*1  inch  in  length,  with  a  fine  distinct  twin-lamellation. 
These  lamellas,  sometimes  interrupted  or  discontinuous,  correspond 
to  the  albite  law,  but  they  are  often  crossed  by  pericline  twinning, 
and  some  of  the  larger  crystals  exhibit  the  Carlsbad  type  also. 
These  earlier  felspars  have  little  or  no  zoning,  and  seem  to  be 
andesine  or  labradorite.  They  are,  however,  not  strictly  cdl  of  one 
stage,  for  we  may  see  one  crystal  moulding  another,  which  in  turn 
encloses  a  small  felspar  of  still  earlier  consolidation. 

The  later  generation  of  felspars  differs  considerably  from  the 
former.  The  crystals  are  less  elongated  and  usually  shapeless. 
They  are  less  finely  twinned,  and  the  lamellation  is  rendered  indis- 
tinct by  the  strong  zonary  banding  which  is  made  manifest  between 
crossed  Nicols.  In  all  these  Anglesey  dolerites  this  growth  in  con- 
centric zones  of  different  optical  characters  is  highly  characteristic  of 
the  later  felspars.  It  points  to  a  rather  rapid  change  in  the  chemical 
constitution  of  the  magma  during  the  closing  stages  of  consolidation, 
and  perhaps  depends  partly  on  the  almost  simultaneous  separation 
of  the  augite. 

In  the  present  rock  the  augite  is  not  very  abundant,  and  does  not 
build  ophitic  plates  of  any  great  extent.  It  rarely  presents  imper- 
fect crystal  boundaries  to  the  later  felspars,  and  is  on  the  whole 
nearly  contemporaneous  with  them.  The  mineral  is  pale  brown, 
with  the  usual  prismatic  cleavage. 

It  will  be  observed  that  the  Llanfihangel  rock  compares  closely 
with  those  from  the  Straits,  such,  for  example,  as  the  Cadnant  dyke 
[545]. 

Before  proceeding  further,  it  may  be  noticed  that  there  are  other 
dykes  in  southern  Anglesey,  which  are  probably  not  to  be  grouped 
with  the  foregoing.  They  differ  from  them  both  mineralogically 
and  structurally,  and  approach  more  nearly  to  the  characters  of 
parts  of  the  Holyhead  dykes  to  be  described  below.  As  an  example, 
a  dyke  at  Bodowen,  on  the  west  side  of  the  M£dldraeth  estuary,  is 
chosen. 

[598.]  Olivine-diabase  of  Bodowen.  This  is  an  ophitic  rock  with 
but  one  set  of  felspars.  Under  a  low  objective  we  see  first  skeletons 
of  ilmenite,  clouded  with  semi-opaque  leucoxene,  and  some  crystals  of 
magnetite.  There  are  also  numerous  rounded  light-green  patches, 
in  part  serpentine,  in  which  are  imbedded  granules  of  unaltered 
olivine.  These  patches,  often  included  in  the  augite,  are  crowded 
with  minute  matted  fibres,  peT\iapa  Q\ir^^otiW,  but  more  probably 
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tremolite.  Felspar  crystals  are  plentifuli  mostly  onoe  twinned  and 
with  moderately  wide  extinction-angles  in  sections  perpendicular 
to  the  twin-plane.  They  are  moulded  and  enclosed  by  large  ophitio 
plates  of  augite  with  the  characters  usually  found  in  that  mineral  in 
the  Welsh  diabases.  The  edges  of  these  plates  are  touched  here  and 
there  with  brown  hornblende,  with  the  regular  crystallographio 
relations  to  the  augite,  and  possibly  derived  from  it.  Where  ser- 
pentinous  pseudomorphs  are  included  in  the  augite,  there  is  often  a 
fringe  of  pcde  green  or  colourless  amphibole,  with  a  definite  crystal 
orientation  projecting  into  the  serpentinous  mass.  This  mineral  is 
no  doubt  a  '*  secondary  enlargement "  ^  of  the  augite  crystal  from 
which  it  grows,  though  its  substance  must  be  derived  from  the 
destruction  of  the  olivine. 

Holyhead  main  dyke, — We  now  pass  on  to  the  island  of  Holyhead, 
where  two  large  dykes  were  first  noted  and  described  by  Henslow. 
The  main  one,  with  an  average  width  of  60  feet,  traverses  almost 
the  whole  length  of  the  island,  running  in  a  slightly  curved  line,  but 
with  an  average  bearing  north-west  and  south-east,  from  near  the  South 
Stack  to  Cymmeran  Bay.  It  cuts  the  quartz-rock,  the  green  schists, 
and  the  serpentine,  occasionally  throwing  off  veins  or  branches. 
Henslow  carefully  notices  the  contact-alteration  of  the  adjacent  rocks, 
and  makes  the  observation  that  ''where  the  dyke  is  contained 
between  parallel  walls  of  the  schist,  and  appears  as  though  it  were 
filling  up  some  large  crevice,  the  effects  are  never  so  striking  as  in 
those  places  where  it  ramifies  and  becomes  intimately  associated 
with  the  surrounding  mass." '  He  also  remarks  the  variability  of 
character  displayed  in  this  and  the  following  dyke  when  traced 
along  their  length,  a  feature  still  more  clearly  brought  out  by  an 
examination  of  slices  under  the  microscope. 

[605.]  Olivine-diabase  from  Porth-dafarch  (Port  Dafreth  of  Hens- 
low). The  name  diabase  is  employed  for  this  rock,  despite  a  certain 
approach  to  the  doleritic  type,  shown  by  a  tendency  to  develope 
a  second  generation  of  felspars :  the  structure  is  ophitia  Olivine 
grains  are  abundant  and  tolerably  fresh :  they  are  sometimes  slightly 
penetrated  by  the  felspars.  A  few  imperfect  crystals  of  magnetite 
are  included  by  the  olivine,  but  the  bulk  of  the  mineral  is  posterior 
to  the  dominant  felspar.  The  felspar,  apparently  labradorite,  shows 
cross-twinning  and  some  zonary  shading  in  polarised  light  A  few 
rather  shapeless  crystals,  with  strong  zoning  and  less  pronounced 
twin-lamellation,  belong  to  a  rather  later  stage.  Pale-brown  augite 
forms  large  ophitio  plates  including  olivine  and  felspars  alike.  The 
plates  are  divided  by  definite  lines  into  distinct  fields,  with  crystal- 
line continuity,  but  slightly  different  optical  properties,  and  this 
structure  sometimes  approaches  the  regularity  of  the  well-known 
"hour-glass  augite." 

[614.]  Dolerite  from  a  small  branch  of  the  dyke  at  the  same 
locality.  This  rock  presents  no  special  peculiarities :  if  olivine  has 
been  present,  it  is  now  lost  in  ill-defined  secondary  products.     The 

^  Cf.  Van  Hise,  Amer.  Joum.  Sci.  (3)  xxiii.  p.  386,  1887. 
2  Tranfl.  Camb.  PhU.  Soc.  vol.  i.  p.  419, 1822. 
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struoture  is  distinctly  porphjritio  as  regards  the  felspars ;  there  is  a 
rather  fine-grained  ground  of  ophitio  appearance. 

[617.]  Specimen  from  the  southern  part  of  the  dyke,  showing  the 
junction  of  two  different  rocks.  The  coarser-grained  one  is  seen 
under  the  microscope  to  he  a  diahase,  partly  ophitic,  partly  granulitio 
in  structure :  no  evidence  of  olivine  is  to  he  detected. 

The  finer-grained  rock  has  a  ground-mass  of  minute  felspar- 
microlites  and  ciystals  of  magnetite,  moulded  hy  augite.  In  this 
ground  are  imhedded  felspars  of  rectangular  section  and  a  few 
idiomorphic  augites.  This  rock,  which  may  he  styled  an  aug^te- 
andesite,  is  doubtless  a  small  dyke  intruded  into  the  diabase,  for  it 
shows  a  marked  fluxional  appearance  along  the  line  of  junction. 

Cordier  compared  specimens  from  this  main  dyke  of  Holyhead 
Island  with  the  "  granitoidal  ophites  of  the  Vosges." 

Holyhead  Eastern  dyke. — The  second  large  dyke  in  the  island 
probably  branches  off  at  an  acute  angle  from  the  main  dyke  about 
the  middle  of  its  length,  and  runs  in  a  direction  N.W.  by  N.  past 
the  east  side  of  Holyhead  Mountain,  passing  out  to  sea  at  the  north 
end  with  a  thickness  of  80  feet.  Our  specimens  are  from  the 
northern  extremity,  from  Cae  Seri  on  the  road  to  South  Stack,  and 
from  Bryniau  Oeirwen  on  the  road  to  Porth-dafarch.  They  vary  in 
grain  and  in  general  appearance  to  the  eye,  some  resembling  gabbro 
and  others  diabase  and  dolerite.  Their  intimate  structure  reveals 
corresponding  variations,  but  it  is  perhaps  best  to  class  them  all 
together  as  hornblende-diabases  of  various  types. 

Under  the  microscope  all  these  rocks  are  seen  to  contain  a  rather 
unusual  quantity  of  apatite  in  colourless  acicular  prisms.  Magnetite 
occurs  plentifully,  in  composite  crystalline  forms,  in  ragged  grains 
and  patches,  and  in  crystal  frameworks.  These  two  minerals 
always  have  the  priority  in  the  order  of  consolidation. 

The  augite  is  of  the  very  pale-brown  variety,  and  when  it  exhibits 
crystal  outlines,  has  the  familiar  octagonal  cross- section.  Besides 
the  well-defined  prismatic  cleavage,  there  are  traces  of  another, 
transverse  to  the  length  of  the  prism.  The  mineral  is  usually 
fresh;  its  chief  secondary  product  seems  to  be  serpentine.  These 
characters,  which  are  approached  by  the  augite  of  many  Welsh 
diabases,  agree  with  the  variety  malacolite.  Hornblende  is  plentiful 
in  all  but  one  slide  [636].  It  is  the  deep-brown  'basaltic  '  variety, 
with  absorption-formula  7  >  ^  »  a.  The  mineral  occurs  some- 
times in  good  prisms,  truncated,  except  in  the  smallest  crystals,  by 
the  clinopinacoid.  Much  of  the  hornblende,  however,  occurs  in 
close  association  with  the  augite,  the  two  minerals  having,  as  usual, 
the  vertical  axis  and  orthodiagonal  common.  The  hornblende 
mostly  borders  the  augite,  and  when  there  are  definite  crystal  out- 
lines to  such  a  border,  they  are  those  proper  to  the  former  mineral. 
Tliis  is,  therefore,  not  a  case  of  *  paramorphism,'  but  an  inter- 
growth  of  the  kind  termed  ergdnzende  or  complementary  hornblende. 
Patches  of  hornblende  in  the  interior  of  the  augite  plates  are 
probably  also  a  parallel  intergrowth.  The  hornblende  crystals 
oooaaionallj  enclose  grains  of  augite  without  any  crystallographio 
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relation,  and  in  all  oases  the  hornblende  in  these  rocks  seems  to  be  In 
the  main  posterior  to  the  pyroxene.  Greenish  fibroas  ampbibole  is 
common  as  a  *  secondary  enlargement '  in  crystalline  continuity  with 
the  original  hornblende,  and  it  sometimes  extends  as  a  fringe  along 
the  margin  of  the  augite.  A  similar  relation  is  met  with  in  some  of 
the  German  hornblende-diabases,  e.g.  the  *  proterobase '  of  Kurenz 
near  Trier. 

Striated  felspar  is  always  abundant  in  the  rock  of  the  dyke,  and 
appears  to  belong  mainly  to  the  andesine-labradorite  series.  It  is 
often  strongly  zoned,  or  if  the  felspars  do  not  all  belong  to  one 
stage,  the  later  ones  show  this  structure.  In  accordance  with  the 
usual  rule,  the  outer  zones  cdways  give  lower  extinction-angles  than 
the  inner  part  of  the  crystal. 

The  only  other  mineral  to  be  mentioned  is  biotite,  of  which  a  few 
flakes  are  seen  in  one  slide  (Bryniau  Geirwen).  The  specimens 
present  then,  it  is  evident,  a  community  of  general  mineralogical 
constitution,  and  the  diversity  of  structure  noted  below  is  therefore 
a  matter  of  some  interest 

[626.]  From  the  northern  termination  of  the  dyke.  In  this  rock 
the  augite  has  idiomorphic  boundaries,  and  is  moulded  by  the  felspan 
The  general  aspect  to  the  eye  is  not  unlike  some  gabbros. 

A  specimen  of  Mr.  Marr*s  from  Cae  Seri  is  a  rather  coarse-grained 
gabbro-like  rock.  The  felspar  and  augite  penetrate  one  another  in 
a  rather  curious  way,  and  must  on  the  whole  have  consolidated 
simultaneously. 

[635.]  Bryniau  Geirwen.  This  shows  the  same  peculiar  type  of 
structure  ;  the  augite  sometimes  presents  crystal  outlines  to  the 
felspar,  which  moulds  it,  while  in  other  places  these  relations  are 
reversed,  the  felspar  crystals  penetrating  the  augite. 

[636.]  Bryniau  Geirwen.  This  specimen,  from  the  same  locality 
as  the  last,  is  an  ordinary  ophitic  diabase. 

Finally,  a  rock  procured  by  Professor  Hughes  from  the  same  place 
is  also  ophitic  in  structure,  but  shows  a  decided  tendency  to  the 
doleritic  type.  There  are  two  generations  of  felspar ;  one  in  lath- 
shaped  crystals  penetrates  the  augite  and  hornblende;  the  other, 
more  equidimensional  and  without  regular  outlines,  is  of  later  con- 
solidation than  those  minerals. 

The  existence  of  such  wide  diflferences  of  structure  in  rocks  forming 
part  of  one  and  the  same  igneous  mass,  offers  a  problem  of  which 
petrologists  have  not  yet  given  a  complete  solution. 

Henslow  collected  specimens  from  two  dykes,  the  larger  one  having 
a  width  of  eighteen  feet,  at  Port  Newry,  near  Holyhead  town.  As 
he  remarked,  the  rock  here  much  resembles  "  the  harder  portions  of 
the  dyke  at  Port  Dafreth  "  [605].  The  chief  difference  is  the  greater 
abundance  of  olivine. 

[638.]  Olivine-dolerite  of  Port  Newry.  The  olivine,  which  often 
builds  good  crystals  and  has  the  pincujoidal  cleavages  well  developed, 
is  on  the  whole  the  first  product  of  consolidation,  though  sometimes 
slightly  penetrated,  as  at  Porth-dafarch,  by  the  earliest-formed 
felspars.     The  mineral  is  for  the  most  part  pseudomorphed  by  green 
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serpentine  in  the  fashion  figured  by  Tschermak^  and  others.  The 
felspar  of  this  rock  seems  by  its  extinction-angles  to  be  near 
anorthite.  The  roost  numerous  generation  is  in  elongated  crystals 
with  fine  lamellation.  There  are  also  later  felspars  in  shapeless 
crystals  with  wide  twin-lamelle  and  strongly-marked  zonary  band- 
ing in  polarised  light  The  magnetite  is  later  than  the  dominant 
felspar  and  earlier  than  the  augite;  it  sometimes  shows  rod-like 
aggregations  of  octahedra.  The  pale-brown  augite,  in  plates  with 
an  ophitio  tendency,  has  here  again  a  marked  hour-glass  structure, 
although  the  dividing  lines  have  often  an  irregular  disposition,  and 
even  run  parallel  to  the  outlines  of  projecting  felspar  crystals.  It 
may  be  remarked  that  the  hour-glass  augites  of  the  Welsh  rocks 
rarely  exhibit  the  regularity  of  structure  figured  by  Werveke,  etc.* 

Several  rocks  from  Holyhead  stand  on  the  border-land  between 
the  diabases  and  dolerites,  as  those  families  are  here  defined.  The 
present  specimen  seems  best  referred  to  the  latter  category,  the 
porphyrische  structur  (Rosenbusch)  being  well  marked :  the  absence 
of  ilmenite  and  hornblende  is  also  to  be  noted  in  this  connection. 

Other  dykes  in  Holyhead  Island  are  marked  on  the  Survey  Map 
and  mentioned  by  Sir  A.  Ramsay.  They  all  strike  in  a  general 
N.W. — S.E.  direction,  '*  which  is  also  that  of  the  fault  which  crosses 
Holyhead  Mountain  between  Oogarth  and  Porth-y-corwgl,  and  all 
coincide  more  or  less  with  the  nm  of  many  of  the  larger  joints." 
We  have  seen  that  the  dykes  of  the  Menai  Straits  and  the  Coal-field 
have  about  the  same  bearing,  but  they  show  lithologically  little 
resemblance  with  those  last  described ;  and  as  the  rocks  cut  by  the 
Holyhead  dykes  are  themselves  of  dubious  age,  speculation  on  the 
date  of  the  dykes  must  necessarily  be  reserved. 


I. — A  Comparative  Study  of  the  Till  ob  Lower  Boulder-clay 

IN  SEVERAL  OF  THE  GlACIATED    COUNTRIES  OF   EUROPE — BRITAIN, 

Scandinavia,  Germany,  Switzerland,  and  the  Pyrenees.    By 
Hugh  Miller,  r.R.S.E.,  F.G.S.,  A8soc.R.S.M.» 

THE  sections  of  foreign  Till  examined  by  the  author  occur  chiefly 
in  the  neighbourhood  of  the  Trondhjem  Fjord  in  Norway,  at 
Berlin  and  Leipzig  in  Germany,  near  the  Lake  of  Geneva  in  Switzer- 
land, and  in  the  valleys  of  the  Pyrenees  directly  south  from  Pau  in 
Southern  France.  In  these  countries  and  in  Britain  the  IMll  bears 
an  identical  character.  It  is  not  more  variable  throughout  Europe 
than  the  author  has  found  it  to  be  in  Scotland  and  Northern  England. 
On  the  basement-gneiss  at  Christiansund  in  South-western  Norway 
it  is  the  same  as  on  the  basement-gneiss  of  Sutherlandshire ;  in  the 
great  limestone  valley  of  Eaux  Chauds  in  the  Pyrenees  it  is  scarcely 

1  Sitzungsb.  d,  k.  Akad.  d.  Wien.  toI.  Ivi.  p.  283,  and  plate,  1867. 
'  Neues  JalirWb,    1879,    p.    823.      Hussak,    Anleitung  zum    hettimmen   der 
gesteinHldenden  Mineralien^  p.  72  ;  1885. 
'  Bead  at  the  British  Asaociation,  Manchester,  1887. 
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to  be  distinguished  from  the  Till  of  the  limestone  valleys  of  York- 
shire. In  all  the  places  mentioned  it  bears  the  unmistakable 
character  of  a  ground-moraine  accreted  under  the  direct  weight  of 
glacier-ioe.  The  familiar  features  of  the  Till  need  not  be  recapitu- 
lated here,  but  the  author  insists  that  its  essential  character  is  that 
of  a  rude  pavement  of  glaciated  debris,  ground  from  the  rooks  over 
which  the  glaciera  have  passed,  with  its  larger  boulders  firmly 
glaciated  in  situ  on  their  upper  sides  in  the  direction  of  ice-move- 
ment, and  with  a  tendency  to  the  production  of  fluxion  structure 
here  and  there  in  the  matrix,  due  to  the  onward  drag  of  the  superin- 
cumbent ice.  In  mere  indiscriminateness  of  composition  (which  is 
the  character  often  most  emphasised)  the  Till  is  not  to  be  distinguished 
from  Boulder-clays  formed  under  berg-  or  raft-ice,  such  as  the  highest 
marine  clays  of  the  Norwegian  coasts,  which  are  stuck  promiscuously 
through  with  boulders  derived  from  the  glaciers  of  the  interior. 
But  the  glaciation  of  boulders  in  situ  the  author  finds  to  be  a  really 
crucial  distinction  ;  he  readily  detected  this  **  striated-pavement " 
character  in  the  Tills  of  all  the  districts  above  mentioned  except 
Leipzig  and  Berlin,  where  the  Boulder-clays  resemble  the  Upper 
Boulder-clay  (Hessle  Clay)  of  the  eastern  seaboard  of  England  and 
Scotland,  and  in  the  sections  examined  by  him  contained  no  blocks 
large  enough  to  take  the  strisB. 


E,  E  "V  I  E  ^W  S. 


I. — The  Gbologioal  Subvbt  of  England  and  Walks. 

SOME  time  has  elapsed  since  we  last  noticed  a  series  of  the 
Greological  Survey  Memoirs  (Gbol.  Mag.  for  1886,  p.  65),  and 
in  the  mean  time  a  number  of  additional  Memoirs  have  been  pub- 
lished, attention  having  been  drawn  to  only  one  of  these  (Gkol. 
Mag.  1888,  p.  31).  Much  more  detail  is  inserted  in  these  Explana- 
tions of  the  Survey  Maps  than  was  the  custom  in  the  earlier 
publications ;  but  if  on  this  account  they  afford  somewhat  heavier 
reading,  they  are  also  much  more  valuable  for  reference  on  questions 
both  of  scientific  interest  and  of  practical  concern.  Indeed  the  precise 
record  of  facts  and  a  statement  of  the  localities  where  particular 
information  has  been  obtained,  are  always  of  great  value  to  sub- 
sequent investigators,  as  well  as  to  engineers  and  well-sinkers.  We 
note  also  that  the  prices  of  these  Memoirs  are  very  moderate. 

In  addition  to  a  number  of  General  Memoirs  on  particular  districts 
or  rocks,  no  less  than  66  Memoirs  explanatoiy  of  the  Survey  Maps 
have  now  been  published.  Nevertheless  much  remains  to  be  done 
ere  the  whole  country  is  described  in  such  detail.  Portions  of 
Hampshire  and  Dorsetshire  have  not  yet  been  '  explained '  in  Survey 
publications ;  the  Isle  of  Man  and  the  Channel  Islands  have  not 
at  present  been  officially  surveyed ;  while  Cornwall  and  much  of 
Devonshire,  the  South  Wales  Coal-field  and  the  Old  Red  Sandstone 
area  of  Brecknock-  Hereford-  and  Monmouth -shires  offer  tempting 
fields  for  future  detailed  surveys.     Moreover,  the  Drift- de^^o^vt^  ^n^x 
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ooDsiderable  portions  of  the  Midland  CountieSy  not  to  mention  other 
areas,  ha^ve  not  at  present  been  mapped. 

Our  present  object,  however,  is  to  notice  the  recent  Memoirs,  and 
these  will  be  taken  as  far  as  possible  in  the  order  of  publication. 

1.  "  The  Geology  of  the  Country  between  and  south  of  Bury  St 
Edmunds  and  Newmarket."  By  F.  J.  Bennett  and  J.  H.  Blake; 
edited  with  additions  by  W.  Whitaker,  F.B.S.  8vo.  pp.  27.  (London, 
1886.)     Price  la. 

This  Memoir  contains  notices  of  the  Chalk,  Glacial  Drift,  River 
Gravels,  eta  Interesting  sections  are  given,  showing  the  structure 
of  the  Glacicd  deposits  and  their  relation  to  overlying  ''Post- 
Glacial'*  loam,  which  has  yielded  Palsdolithic  Implements.  Numer- 
ous well-sections  form  an  Appendix  to  the  work. 

2.  "  The  Geology  of  the  Country  around  Aldborough,  Framling- 
ham,  Orford,  and  Woodbridge."  By  W.  H.  Dalton,  edited  (with 
some  additions)  by  W.  Whitaker,  F.B.S.  8vo.  pp.  69.  (London, 
1886.)     Price  la. 

The  district  described  in  this  Memoir  is  one  of  great  interest  to 
students  of  Pliocene  geology,  including  as  it  does  some  of  the 
famous  Crag-sections  near  Orford  and  Aldborough.  Mr.  Whitaker 
contributes  notes  on  the  fossils  and  on  the  literature  of  the  Coralline 
Crag,  but  the  details  given  on  this  formation  are  confined  to  two 
pages,  and  there  is  no  list  of  fossils.  The  accounts  of  the  Bed  Crag 
and  of  the  Chillesford  Clay  are  fuller  so  far  as  stratigraphical  details 
are  concerned,  but  we  miss  an  account  of  the  fossils.  The  Paheon- 
tology  will  doubtless  be  treated  in  a  general  Monograph  of  the 
Pliocene  formation,  which  we  are  informed  is  in  preparation. 

Short  notices  of  the  Chalk,  Beading  Beds  and  London  Clay,  and 
a  more  lengthy  account  of  the  Glacial  Drift,  are  given,  together 
with  notes  on  the  Biver  Gravels,  Alluvium,  Shingle,  and  Blown 
Sand.     The  well-sections  in  the  area  are  duly  recorded. 

3.  "  The  Geology  of  the  Country  around  Northallerton  and 
Thirsk."  By  C.  Fox  St  rang  ways,  A.  G.  Cameron,  and  G.  Barrow. 
8vo.  pp.  75.     (London,  1886.)     Price  1«.  6d. 

The  rocks  described  in  this  area  include  Millstone  Grit,  Magnesian 
Limestone  (Permian),  Keuper  Sandstone  and  Marl,  Bhsetic  Beds, 
Lias,  Oolites  (up  to  the  Kimeridge  Clay),  Glacial  and  Beoent  deposits. 
The  country  embraces  portions  of  the  Cleveland,  Hambleton,  and 
Howardian  Hills.  The  Memoir  will  be  of  particular  interest  to 
students  of  Jurassic  Geology.  Among  the  strata,  the  Ironstone 
series  of  the  Middle  Lias  is  of  special  economic  importance,  and 
detailed  sections  are  inserted  to  show  its  mode  of  occurrence.  Lists 
of  fossils  are  given  from  the  different  formations.  There  is  also  an 
Appendix  of  well-sections,  and  a  list  of  the  more  important  works 
referring  to  the  district 

4.  "  The  Geology  of  the  Country  around  Otterburn  and  Elsdon." 
By  Hugh  Miller.  With  Notes  by  C.  T.  Clough.  8vo.  pp.  147. 
(London,  1887.)     Price  2«.  6d. 

•,.  This  is  the  first  Memoir  of  the  Geological  Survey  devoted  to  the 
HitfllBboQifoious  Bocka  of  the  EngU&U  Botder,  and  a  full  description 
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bas  been  given  of  them.     Some  older  rocks  ai*e  exposed  in  the  area, 
the  Wenlock  Beds  and  Lower  Old  Bed  Sandstone  (associated  with 
the  Cheviot  porphjrite),  but  they  oocupy  small  areas,  and  require  bat 
brief  notice. 
The  Carboniferous  rocks  are  grouped  as  follows : — 

Carboniferous  (  ^«^  ^"*'-    Calcareous  Division.  ,      |>^  x 

Lim«rto         )  I  Carbonaceous  Division  (Scremerston  Beds), 

^ffi    "^^     I  )  r^®^  Sandstones. 

^"^**        \  Lower  Series,  j  Tuedian  Division,  or   Cement -stone  Beds  &  Both- 

\        Tweed  Beds.        <     bury  limestones. 

I  Lower  Freestones. 
^Basement  Beds. 

The  Basement  Beds  are  probably  on  the  horizon  of  strata  else- 
where grouped  as  Upper  Old  Bed  Sandstone.  They  consist  of 
conglomerates  made  up  of  porphyrite  and  Silurian  grey wacke.  The 
overlying  rocks  are  described  in  much  detail,  many  sections  being 
given  to  show  the  position  of  the  principal  beds  of  limestone,  coal, 
etc.  Separate  chapters  are  devoted  to  the  Faults,  and  to  the 
Palaeontology,  the  fossils  having  been  identified  chiefly  by  Messrs. 
G.  Sharman  and  E.  T.  Newton.  Other  chapters  are  devoted  to  the 
Igneous  rocks,  to  Glacial  Phenomena,  Post-Glacial  deposits,  and  to 
the  Physical  History  of  the  district.  The  Economic  deposits.  Springs, 
Mineral  Waters,  etc.,  are  duly  noticed,  and  in  Appendices  there  is  an 
account  of  the  Bibliography,  together  with  a  Glossary  of  Local  Terms, 
and  Becords  of  Borings  and  Sinkings. 

5.  **  The  Geology  of  the  Country  around  Hales  worth  and  Harle- 
Bton."  By  W.  Whitaker,  F.B.S.,  and  W.  H.  Dalton.  8vo.  pp.  vi. 
and  41.     (London,  1887.)     Price  1«. 

In  this  Memoir  accounts  are  given  of  the  Upper  Crag  (which  is 
rarely  fossiliferous  in  the  area),  of  Chillesford  Clay,  Pebbly  Series, 
Glacial  and  Post-Glacial  Drift,  and  Alluvium.  The  deposits  which 
have  attracted  most  attention  are  those  included  as  Post-Glacial,  the 
term  being  used  to  imply  that  the  beds  are  newer  than  the  Glacial 
Drifts  of  the  district.  These  are  the  famous  Hoxne  deposits,  which 
have  yielded  many  Paleeolithic  implements.  Their  precise  age  with 
reference  to  the  newer  Glacial  deposits  of  the  north  of  England 
may  be  regarded  as  an  open  question :  but  Mr.  Dalton  remarks  that 
"  The  mere  presence  of  land  and  freshwater  shells,  bones,  and  plants 
would  suffice  to  disprove  this  correlation  with  any  part  of  the 
Glacial  series,  which  is  wholly  of  marine  origin."  We  presume  ho 
refers  to  the  Glacial  Drifts  of  Norfolk  and  Suffolk,  but  that  they  are 
wholly  of  marine  origin  is  very  far  from  being  an  accepted  dogma. 

A  number  of  records  of  well -sections  conclude  this  work;  these 
give  accounts  of  the  London  Clay,  Reading  Beds,  and  Chalk,  which 
are  not  exposed  at  the  surface. 

6.  "The  Geology  of  Southwold  and  of  the  Suffolk  Coast  from 
Dunwioh  to  Covehithe."  By  W.  Whitaker,  F.R.S.  8vo.  pp.  87. 
(London,  1887.)     Price  2».  Qd. 

Although  the  area  described  in  this  Memoir  is  a  small  one  (being 
less  than  50  square  miles),  it  is  one  of  considerable  interest  to 
students  of  Pliocene  Geology.     The    cUffa  oi  DxscamdcL,  '^•aa^nra. 
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Bavent,  and  Covebithe  furnish  sections  of  the  Upper  Crag  (including 
the  Chillesford  Beds)  ;  these  strata  are  overlaid  by  a  "Pebbly  Series," 
and  the  question  of  their  precise  equivalents  in  other  parts  of 
the  country  is  a  debatable  one ;  while  above  all  there  are  accumula- 
tions of  Glacial  Drift.  A  well-bonng  at  Southwold,  made  in  1886- 
1887,  has  thrown  much  light  on  the  underground  geology,  for  it  has 
proved  the  position  of  the  Chalk  at  a  depth  of  323  feet;  this  is 
overlain  by  70  feet  of  Reading  Beds,  68  feet  of  London  Clay,  147 
feet  of  Crag,  and  37  feet  of  the  Pebbly  Series. 

The  thickness  of  the  Crag,  as  remarked  by  Mr.  Whitaker,  is  the 
greatest  yet  recorded  in  England,  and  shows,  together  with  the 
information  obtained  through  wells  at  Leiston,  Saxmundham,  and 
Beccles,  that  the  formation  has  a  more  important  development  than 
was  suspected  a  few  years  ago.  Whether  this  great  thickness  of 
Crag  should  be  classed  with  the  Norwich  or  Red  Crag  matters  little, 
for,  as  Mr.  Whitaker  remarks,  they  are  one  formation,  and  "  no  useful 
purpose  would  be  served  by  troubling  about  such  a  question."  There 
is,  however,  no  evidence  to  show  that  the  highest  stage  of  the  Norwich 
Crag  series  (such  as  that  represented  in  the  fossiliferous  beds  of 
Weybourn  and  the  Bure  Valley)  is  here  present,  unless  it  be  repre- 
sented in  portions  of  the  ''  Pebbly  Series  "  that  are  fossiliferous  near 
Southwold. 

The  "  Pebbly  Series,"  however,  presents  many  difiSculties.  Much 
of  what  is  now  grouped  under  this  name  was  originally  regarded  as 
Middle  Glacial  by  Messrs.  8.  V.  Wood  and  Harmer  in  their  Map  and 
Sections  of  the  Crag  District,  and  although  Mr.  Wood  subsequently 
modified  his  views,  there  does  not  appear  to  be  any  definite  evidence 
for  the  change,  and  an  examination  of  the  Survey  Map  is  not  calcu- 
lated to  dispel  the  notion.  These  difficulties  in  correlation  are 
apparent  to  any  one  studying  the  Newer  Pliocene  and  Glacial  Deposits 
of  East  Anglia,  and  they  are  very  fully  and  fairly  stated  by  Mr. 
Whitaker.  He  is  disposed  to  regard  the  Pebbly  Series  as  belonging 
to  one  division,  and  he  leaves  it  an  open  question  whether  it  should 
be  regarded  as  Glacial  or  Pliocene.  The  shells  found  in  the  beds  at 
Southwold  are  all  sj^ecies  known  to  occur  in  the  Crag;  but  neither 
there  nor  at  Dunwich  is  the  Crag  separated  from  the  Pebbly  Series 
by  the  Chillesford  Beds  which  are  present  in  many  localities. 

On  the  other  hand,  where  the  mass  of  the  Pebbly  Series  rests  on 
the  Chillesford  Beds,  as  seen  in  the  Cliff-sections  of  Easton  Bavent 
and  Covebithe,  there  is  a  marked  line  of  erosion  between  them; 
while  in  a  section  at  Henham  Park  Wood  (drawn  by  the  late  Mr.  S. 
V.  Wood,  jun.),  the  Pebbly  Beds  are  shown  to  rest  on  the  Chilles- 
ford Clay,  and  tongues  of  the  latter  which  penetrate  the  overlying 
beds  are  said  to  have  been  "  lifted  up."  In  reference  to  this  Mr. 
Whitaker  remarks  that  "  The  lifting  up  of  masses  of  this  clay  and 
the  forcing  under  them  of  wedges  of  the  pebbly  beds  is  an  occur- 
rence of  great  interest,"  and  **  seems  to  point  also  to  some  lapse  of 
time  between  the  two  deposits."  We  feel,  however,  some  hesitation 
in  adopting  the  explanation,  which  is  suggestive  of  Glacial  action, 
for  there  ia  no  Boulder-clay  present. 
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We  shoald  mention  that  a  detailed  aocoant  is  given  of  the  Cliff 
sections,  and  this  is  admirably  illastrated  by  a  coloured  diagram 
drawn  to  scale.  The  accounts  of  the  coast-deposits  and  of  the 
waste  of  the  cliffs  are  also  of  much  interest,  careful  calculations 
showing  that  at  Govehithe  the  annual  loss  of  land  is  between  18  and 
19  feet  I  Records  of  well-sectionSy  and  a  list  of  the  fossils,  are 
also  given  in  this  Memoir. 

7.  "  The  Geology  of  the  Carboniferous  Limestone,  Yoredale  Bocks, 
and  Millstone  Grit  of  North  Derbyshire."  By  Prof.  A.  H.  Green, 
F.R.8.,  Dr.  C.  Le  Neve  Foster,  and  J.  R.  Dakyns.  Second  edition, 
with  additions  by  Prof.  Green  and  A.  Strahan.  8vo.  pp.  xv.  and 
212.     (London,  1887.)     Price  5«.  6d. 

A  new  edition  of  this  Memoir  (whtch  was  published  originally  in 
1869)  has  long  been  wanted,  for  the  district  is  one  that  offers  many 
attractions  to  the  geologist.  Some  changes  are  made  in  the  classifica- 
tion of  the  Millstone  Grit  and  Yoredale  Rocks.  The  portion  relating 
to  the  Drift  has  been  enlarged,  and  a  small  map  has  been  given 
(p.  97)  to  show  the  glaciation  of  the  north-west  of  England.  There  is 
also  much  additional  information  about  the  Caves,  Springs,  etc.,  and 
on  the  subject  of  Mining.  The  list  of  fossils  from  the  Carboniferous 
Limestone  has  been  revised,  and  a  Bibliographical  List  has  been 
appended. 

8.  "The  Geology  of  the  Country  around  Kendal,  Sedbergh, 
Bowness,  and  Tebay."  By  W.  Talbot  Aveline,  and  Prof.  T.  M-K. 
Hughes.  Second  edition  by  A.  Strahan.  Parts  by  J.  R.  Dakyns 
and  R.  H.  Tiddeman.     8vo.  pp.  94.     (London,  1888.)     Price  2«. 

The  former  edition  of  this  Memoir  was  published  in  1871,  since 
then  the  area  has  been  re-surveyed  for  Drift.  A  great  deal  of  new 
information  has  been  obtained  respecting  the  Volcanic  series  of 
Borrowdale,  the  Coniston  Limestone  Series,  the  Stookdale  Shales,  the 
Carboniferous  rocks,  the  Shap  granite,  and  the  Glacial  phenomena. 
Full  lists  of  fossils  are  given,  and  there  is  also  a  Table  showing  the 
distribution  of  the  Graptolites,  by  Prof.  Lapworth. 


II. — Two  Works  on  the  late  Professor  Hber. 

1.  Oswald  Hebr  :  Lebensbild  eimes  Sohweizsrisohen  Natur- 
FORSCHERS :  I.  DiB  JuGENDZEiT,  von  JusTUS  Heer  ;  144  pages, 
with  a  Photographic  Portrait.     II.  &  III.  0.  Heer's  Forsoher- 

ARBEIT    UND    DESSEN    PeRSONLIOHKEIT,    VOn     C.    SCHROTER,    UUter 

Mitwirkung  von  Gustav  Stierlin  und  Gottfried  Heer  ;  543 
pages,  8vo.  with  a  Coloured  Plate  and  many  Woodcuts  taken 
from  "The  Primsaval  World  of  Switzerland."  (Zurich,  P. 
Schulthess,  1887). 

THE  great  influence  exerted  by  the  late  Prof.  Heer  on  different 
branches  of  Natural  History,  and  especially  on  the  develop- 
ment of  palsBobotany,  has  very  naturally  given  rise  to  the  work 
mentioned  above.  It  contains  a  sketch  of  Heer*s  life  and  an 
analysis  of  his  many  different  works.  The  author  of  the  first  part 
is  Heer's  brother,  the  late  Bev.  Justus  Heer,  who  gives  a  very 
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interesting  sketch  of  the  early  years  of  the  great  paladobotanist 
His  love  for  nature  began  in  his  early  youth,  which  was  passed  in 
the  little  Alpine  village  of  Matt,  of  which  his  father  was  the  clergy- 
man. He  first  studied  the  flora  and  fauna  (more  especially  the 
insects)  of  the  districts  near  his  home,  and  subsequently  extended 
his  researches  to  the  higher  regions  of  the  Alps.  He  became  an 
intrepid  and  skilful  climber,  and  the  numerous  botanical  and  ento- 
mologic€d  discoveries  made  by  him  in  these  little  accessible  regions 
attracted  the  notice  of  many  well-known  scientific  men  of  his  native 
land.  In  deference  to  his  father's  wish,  he  had,  however,  to  give 
up  his  inclination  for  scientific  pursuits,  and  betake  himself  to  the 
University  of  Halle  to  prepare  for  a  clerical  career.  Aft«r  returning 
to  Switzerland,  he  declined  the  offer  of  a  life-long  appointment  as 
clergyman,  and  preferred  rather  to  accept  a  temporary  engagement 
to  arrange  and  determine  the  large  entomological  collections  of 
Escher-ZoUikofer ;  thus  definitely  undertaking  a  scientific  career. 

The  second  and  third  parts  of  the  volume  are  devoted  to  a  critical 
review  of  Heer's  scientific  work,  and  a  sketch  of  his  personal 
character ;  the  former  is  more  especially  interesting  since  the  matters 
treated  are  still  of  the  first  importance.  Dr.  Schroter  refers  first  to 
Heer's  work  on  recent  plants,  more  particularly  regarding  their 
geographical  distribution,  both  generally  and  in  the  different  regions 
of  the  Alps.  Late  in  life,  Heer  again  turned  his  attention  to  the 
origin  of  the  Alpine  flora,  as  shown  in  his  posthumous  treatise 
"  Die  nivale  Flora  der  Schweiz."  Equally  valuable  are  his  researches 
on  the  ancient  history  of  still  existing  plants,  and  his  paper  on  the 
plants  of  the  ancient  lake-dwellings  (Die  Pflanzen  der  Pfahlbauten) 
is  a  genuine  classical  treatise.  Heer's  many  other  botanical  works 
cannot  even  be  mentioned  here. 

Then  comes  a  chapter,  written  by  Dr.  Stierlin,  giving  a  review  of 
Heer's  contributions  to  the  knowledge  of  recent  and  fossil  insects. 
It  is  an  interesting  fact  that  Heer  treated  the  beetles  of  Switzerland 
from  precisely  the  same  points  of  view  as  the  plants ;  regarding  not 
only  their  systematic  position,  but  their  geographical  distribution  as 
well.  He  was  therefore  very  familiar  with  the  laws  of  the  geogra- 
phical distribution  of  plants  and  animals  when  be  commenced  his 
studies  on  the  ancient  floras  and  insect  faunas  of  the  globe.  His 
remarks  on  the  habits  and  intellectual  powers  of  a  species  of  ant 
from  Madeira  {(Ecophthora  pusilla)  give  great  credit  to  his  keen 
faculty  of  observation. 

Heer's  contributions  to  fossil  entomology  are  indeed  astonishing. 
They  will  be  best  understood  from  the  fact  that  at  the  time  he  began 
his  work  only  about  200  species  of  fossil  insects  were  known  ;  and 
he  was  able  from  Switzerland  alone  to  describe  more  than  1000 
fossil  species,  of  which  143  were  from  the  Liassic  strata  of  Scham- 
belen,  and  876  species  from  Tertiary  beds  of  other  parts  of  the  same 
country.  Besides  these,  he  described  a  great  number  of  species  from 
the  Tertiary  deposits  of  Radoboj  and  Aix ;  from  the  Rha3tic  beds  of 
Scania,  as  well  as  from  the  Arctic  regions,  etc.  Any  one  who  has 
read  the  "Primaeval  World  oCSwYtzerlaud"  will  call  to  mind  the 
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namber  of  ingenious  oonclnsions  which  Heer  has  drawn  from  the 
presence  of  these  creatures  in  the  rocks — conclusions  which  could 
only  have  been  arrived  at  by  one  who  was  thoroughly  familiar  with 
the  habits  of  existing  forms. 

Dr.  Schroter  devotes  several  chapters  to  the  most  important  part 
of  Heer*s  life-work — namely,  his  contributions  to  fossil  botany. 
After  passing  in  review  the  work  done  in  this  branch  of  science 
before  Heer  contributed  to  it,  he  proceeds  at  once  to  the  considera- 
tion of  the  important  question  as  to  the  reliability  of  the  determina- 
tions from  dicotyledonous  leaves.  It  has  been  generally  supposed 
that  Heer  was  himself  satisfied  as  to  the  validity  of  determinations 
thus  based ;  but,  as  Prof.  Schroter  points  out,  thjs  is  by  no  means  the 
case.  Heer  has  thus  expressed  his  views  on  the  point :  ''In  those 
instances,  where  the  form  of  the  leaves  and  their  nervation  are  very 
characteristic,  we  may,  at  least  with  great  probability,  determine 
the  plant  from  them  ;  in  other  calces,  its  systematic  position  must  be 
regarded  as  doubtful  until  other  portions  of  the  plant  have  been 
discovered,  by  means  of  which  the  characters  drawn  from  the  leaves 
are  corroborated.  Leaves  of  this  latter  category  are  of  little  value 
from  a  systematic  point  of  view,  but  they  may,  notwithstanding,  be 
of  great  service  in  the  determination  of  the  geological  horizon  in 
which  they  occur.  The  systematic  position  of  Myrica  dryandrafolia, 
Brongniart,  was  thus  for  a  long  time  doubtful.  Brongniart  himself 
referred  the  leaves  to  Comptonia,  Ettingshausen  to  Dryandra,  whilst 
Saporta  was  able  at  last  to  show  that  Brongniart's  opinion  was  correct. 
But  although  it  was  for  a  long  time  doubtful  whether  the  leaves 
belonged  to  Myricacecs  or  to  the  ProteacecB,  they  nevertheless  did 
good  service  as  characteristic  fossils." 

Dr.  Schroter  is  quite  right  in  stating  that  it  is  unfortunate  for  the 
credit  of  phytopalaBontology  that  names  must  be  given  even  to  those 
leaves  of  which  the  systematic  position  cannot  be  ascertained.  The 
mischief  would,  however,  to  a  certain  extent,  be  avoided  by  the 
adoption  of  the  method  proposed  by  the  reviewer,  that  no  fossil  leaf 
from  strata  older  than  the  Pliocene  should  be  placed  under  an  exist- 
ing genus  unless  its  generic  relationship  is  sufficiently  proved  by 
other  evidence,  in  addition  to  that  of  the  leaf  itself.  When  this 
cannot  be  shown,  the  leaf  should  either  be  given  an  independent 
generic  name,  such  as  Credneria,  Bewalquea,  Froiophyllum,  etc.,  or  a 
name  compounded  of  an  existing  genus  with  the  suffix  phyllum.  A 
name  of  this  character  would  not  exclude  the  idea  that  the  leaf  in 
question  might  belong  to  the  existing  genus,  it  would  only  indicate 
that  its  congeneric  identity  had  not  been  proved.  If  all  fossil 
dicotyledonous  genera  were  revised  on  this  system,  we  should  find 
that  most  of  the  Cretaceous  forms  would  be  brought  under  Magnoli- 
phyllum,  Populiphyllumf  LauriphyUum,  PlatanophyUum,  etc.,  instead  of 
Magnoliaf  Populus,  Laurus,  and  Platanus,  Of  Tertiary  plants,  a 
greater  percentage  would  be  brought  within  existing  genera,  but 
others  would  have  to  retain  the  provisional  suffix  phyllum.  It  might 
even  happen  that  both  generic  names  could  be  used  for  different 
species  from  the  same  deposits,  as,  for  example,  Acer  arcticum  and 
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Aceriphyllum  inaquale.  Then  we  should  know  at  once  that  the 
former  species  bad  heen  proved  to  belong  to  the  genus  Acer,  whilst 
the  generic  position  of  the  latter  was  still  uncertain.  In  this  way 
the  paleeobotanist  would  be  able  to  express  the  precise  degree  of  our 
knowledge  of  a  fossil  plant* 

Dr.  Schroter  is  not  an  uncritical  admirer  of  everything  which  Heer 
has  done,  but  whilst  expressing  the  opinion  that  Heer  had  gone  too 
far  in  determining  genera  from  dicotyledonous  leaves,  he  gently 
remarks  that  it  has  nevertheless  been  fortunate  for  science  that  he 
had  the  courage  to  proceed  as  far  as  he  did,  for  otherwise  a  great 
number  of  fossil  leaves,  which  have  been  rightly  determined,  and 
which  have  proved  of  the  greatest  value  in  furthering  our  knowledge 
of  the  geographical  distribution  of  plants,  and  of  the  climates  of 
former  epochs,  would  have  been  either  overlooked  or  not  described. 
And  even  supposing  that  in  some  cases  Heer's  determinations  of 
fossil  leaves  have  been  insufficiently  based,  these  are  more  than 
counterbalanced  by  the  importance  of  those  correctly  worked  out 
According  to  Dr.  Schroter,  the  total  number  of  new  species  described 
by  Heer  amounts  to  1947,  and,  in  addition  to  these,  he  has  described 
numerous  forms  to  which  names  had  been  already  applied  by  others, 
lliese  descriptions  of  fossil  plants  were  accompanied  by  as  many  as 
704  plates.  Heer  had  indeed  the  satisfaction  to  find  that  the  merits 
of  his  works  were  acknowledged  by  most  competent  judges,  amongst 
others  by  Sir  Joseph  Hooker,  who  pronounced,  as  his  "candid 
opinion,'*  that  at  least  two- thirds  of  Heer*s  determinations  of  fossil 
genera  and  families  were  quite  correct,  and  that  those  correctly 
determined  included  nearly  everything  of  importance.  Even  Lyell 
was  fully  convinced  of  the  correctness  of  Heer's  determinations  of 
Tertiary  plants. 

Under  these  circumstances  it  is  probable  that  the  attacks  made, 
from  time  to  time,  on  Heer's  methods  and  results,  owe  their  origin 
either  to  imperfect  knowledge,  or  to  a  misunderstanding  of  what  he 
has  done.  Of  course,  since  the  time  when  Heer  wrote  there  have 
been  great  advances  made  in  palseobotany,  as  in  every  other  science, 
and  it  is  not  surprising,  therefore,  that  the  methods  he  followed 
should  now  be  partly  supplanted  by  better  ones.  But  if  we  are  to 
condemn  every  honest  worker  of  a  previous  age  simply  because  his 
methods  do  not  agree  with  our  own,  who  would  then  escape  con- 
demnation ?  There  is  no  doubt  that  Heer,  in  common  with  every 
other  scientific  writer,  has  made  mistakes ;  but  these  are  so  much 
more  than  counterbalanced  by  the  excellent  work  he  has  done,  that 
it  would  be  decidedly  unfair  to  dwell  only  on  the  former,  without 
taking  the  latter  into  account. 

Much  has  been  written  lately  on  the  question  whether  certain 
deposits,  pronounced  by  Heer  to  be  of  Miocene  age,  might  not,  in 
reality,  belong  to  the  Eocene.  The  question  is  still  undecided ;  but 
even  if  some  of  these  deposits  should  ultimately  prove  to  be  of 
Eocene  age,  it  must  not  be  forgotten  that  but  little  was  known  of 

*  For  further  details  compare  the  paper  hy  the  reviewer  in  the  "  Botanisches 
Centnlbltttt,**  1886,  vol.  25,  Uebei  die  BeTieimuxig  fossiler  Dikotylenblatter. 
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Eoc6De  floras  when  Heer  wrote,  and  that  the  present  abundant 
materials  for  comparison  did  not  then  exist. 

Want  of  space  prevents  our  giving  an  exhaustive  analysis  of  Dr. 
Schroter's  work.  Besides  a  review  of  Heer's  "  Primaeval  World  of 
Switzerland,"  so  well  known  to  the  scientific  world  of  England,  and 
an  exhaustive  criticism  of  the  *^  Flora  fossilis  arctica "  (seven  vols. 
4to.  398  plates,  1868-83),  it  treats  of  Heer's  contributions  to  several 
scientific  problems.  We  may  here  call  to  mind  that  Heer  was  the 
first  palaaobotanist  who  expressed  the  opinion  that  the  polar  regions 
had  been  the  centre  of  distribution  for  a  multitude  of  plants, 
especially  since  Cretaceous  and  Tertiary  times,  and  this  view  was 
developed  and  defended  in  many  of  his  works.  It  is  therefore  very 
annoying,  Dr.  Schroter  says,  to  find  a  statement  in  "  Nature."  *  in 
which  Heer  is  specifically  excluded  from  the  list  of  naturalists  who 
are  said  to  have  rendered  services  to  the  theory  of  the  migration  of 
plants  from  the  polar  regions. 

Dr.  Schroter  gives,  further,  an  exposition  of  Heer's  contributions 
to  the  Climatology  of  ancient  epochs  ;  of  his  phylogenetical  studies 
of  different  genera  and  families,  and  of  his  position  towards  the 
theory  of  evolution.  Heer  has  generally  been  regarded  as  an 
antagonist  to  this  theory,  but  this  is  so  far  from  correct,  that  he 
should  rather  be  considered  as  one  of  the  precursors  of  Darwin. 
Already,  in  1855,  Heer  pronounced  the  opinion  that  species  owed 
their  origin  to  other  species,  and  he  may  therefore  be  looked  upon 
as  an  evolutionist  (compare  also  Life  of  Lyell,  part  ii.  p.  246),  even 
though  he  did  not  believe  in  the  gradual  development  of  species, 
but  considered  that  the  transitional  changes  were  sudden,  and 
occurred  during  certain  short  periods. 

The  great  productivity  of  Heer  as  a  scientific  author,  and  the 
diversity  of  subjects  he  treated,  make  it  very  difficult  to  obtain  a  full 
c6mprehensive  view  of  his  scientific  achievements.  Next  to  con- 
sulting his  original  works,  the  present  volume  affords  us  the  best 
idea  of  the  entire  life- work  of  the  great  palseobotanist  of  Zurich. 
No  doubt  Dr.  Schroter's  task  has  been  a  very  difficult  one,  and  there 
is  therefore  the  more  reason  to  congratulate  him  on  having  accom- 
plished it  in  such  a  successful  manner.  A.  G.  Nathokst. 

2.  Oswald   Hkeb:    Biblioqraphie    et   tables   ioonographiques, 
PAR    GoDEFBOY   Malloizel  ;    pbeoIidI:   d'une    notice   biooba- 

PHIQUB    PAB   R.    ZeILLER;     AVEO    UN    PORTBAIT    d'OsWALD    HeER. 

8vo.  pp  176.     (Stockholm,  F.  &  G.  Beijer,  1888.) 

THE  volume  now  under  consideration  may  be  said  to  complete  and 
supplement  that  by  Dr.  Schroter,  noticed  above.  Whilst  this 
latter  gives  a  sketch  of  Heer's  life,  and  a  general  analysis  of  his 
scientific  works,  the  present  volume  is  intended  to  facilitate  references 
to  the  works  themselves.  The  biographical  sketch  by  M.  Zeiller  is 
limited  to  ten  pages ;  the  rest  of  the  volume  by  M.  Malloizel,  Sub- 
Librarian  of  the  Museum  of  Natural  History,  Paris,  contains  a  com- 

*  May,  1879,  p.  12. 
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plete  list  of  tbe  varions  works,  articles  and  notes  published  by  Heer, 
arranged  according  to  their  dates  of  publication,  which  extend  from 
1832  to  1884.  This  list  comprises  from  270  to  280  titles,  and  it  is 
followed  by  lists  of  the  fossil  animals  (except  the  insects)  in  *'  Die 
TJrwelt  der  Schweiz  "  ;  of  the  insects  figured  in  Heer's  various  works, 
and  of  all  the  fossil  plants  described  and  figured  by  Heer.  As  the 
references  include  the  page,  plate,  and  number  of  figure  for  each 
species,  it  is  evident  that  the  work  will  prove  of  immense  service  to 
palaeobotanists  and  others  desirous  of  oonsulting  Heer's  works.  I 
can  state  from  my  own  experience  that  it  has  already  been  of  much 
service  to  me,  and  a  great  saving  of  time  and  trouble,  and  M. 
Malloizel  deserves  the  thanks  of  all  paleeobotanists  for  undertaking 
the  tedious  task  of  preparing  this  compilation. 

A.  G.  Nathorst. 
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L— -April  25,  1888.— W.  T.  Blanford,  LL.D.,  F.RS.,  President, 
in  the  Chair. — The  following  communications  were  read : — 

1.  **  Eeport  on  the  Recent  Work  of  the  Geological  Survey  in  the 
Noi*th-west  Highlands  of  Scotland,  based  on  the  field-notes  and  maps 
of  Messrs.  Peach,  Home,  Gunn,  Clough,  Hinxman,  and  Cadell." 
Communicated  by  A.  Geikie,  LL.D.,  F.R.S.,  F.G.S.,  Director-General. 

At  the  outset  a  review  was  given  of  the  researches  of  other 
observers,  in  so  far  as  they  forestalled  the  conclusions  to  which  the 
Geological  Survey  had  been  led.  Reference  was  made  to  the  obser- 
vations of  Macculloch,  Hay  Cunningham,  C.  W.  Peach,  and  Salter; 
to  the  prolonged  controversy  between  Sir  Roderick  Murchison  and 
Professor  Nicol ;  to  the  contributions  of  Hicks,  Bonney,  Hudlestou, 
Callaway,  Lap  worth,  Teall,  and  others.  It  was  shown  that  Nicol 
was  undoubtedly  right  in  maintaining  that  there  was  no  conformable 
sequence  from  the  fossiliferous  quartzites  and  limestones  into  the 
eastern  schists.  It  was  also  pointed  out  that  the  conclusions  of 
Professor  Lapworth  regarding  the  nature  and  origin  of  the  eastern 
schists  involve  an  important  departure  from  Nicol's  position,  and 
are  practically  identical  with  those  obtained  independently  by  tlie 
Geological  Survey. 

The  results  of  the  recent  survey  work  among  the  Archaean  rocks 
may  be  thus  summarized: — (1)  tbe  eruption  of  a  series  of  igneous 
rocks  of  a  basic  type  in  which  pegmatites  were  formed ;  (2)  the 
development  of  rude  foliation  in  these  masses,  probably  by  mechanical 
movement,  and  their  arrangement  in  gentle  anticlines  and  synclines, 
the  axes  of  which  generally  run  N.E.  and  S.W. ;  (3)  the  injection 
of  igneous  materials,  mainly  in  the  form  of  dykes,  into  the  original 
gneisses,  composed  of  (a)  basalt  rocks,  (h)  pcridotites  and  palaso- 
picrites,  (c)  microcline-mica  rocks,  (d)  granites ;  (4)  the  occurrence 
of  mechanical  movements  giving  rise  to  disruption-lines  trending 
N.W.  and  S.E.,  E.  and  W.,  N.E.  and  S.W. ;  (5)  the  effects  of  these 
xnovejuents  on  the  dykes  weieto  cbange  the  basalt-rocks  into  dioritet 
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and  homblende-scbistB,  the  peridotites  and  palseopiorites  into  talcose 
Bohists,  the  microcline-mioa  rooks  into  mioa-schists,  and  the  granites 
into  granitoid  gneiss ;  (6)  the  eflfects  on  the  gneiss  resulted  in  the 
formation  of  sharp  folds  trending  generally  N.W.  and  S.E.,  the 
partial  or  oomplete  reconstmotion  of  the  original  gneiss  along  the 
old  foliation-planes,  and  finally  the  development  of  newer  schistosity 
more  or  less  parallel  with  the  prominent  disruption-lines. 

There  is  an  overwhelming  amount  of  evidence  to  prove  that  all 
these  various  changes  had  been  superinduced  in  the  Archssan  rocks 
in  Pre-Cambrian  time. 

After  reviewing  the  facts  bearing  on  the  denudation  of  the  ArchsBan 
land-surface,  the  order  of  succession  and  thickness  of  the  Cambrian 
strata  were  given,  from  which  it  is  apparent  that  the  deposits 
gradually  increase  in  thickness  as  we  pass  southwards  from  Durness 
to  Loch  Broom. 

Prior  to  the  deposition  of  the  Silurian  sediments  the  Cambrian 
strata  were  folded  and  extensively  denuded.  By  these  means  various 
Cambrian  outliers  were  formed  far  to  the  east  of  the  present  limits 
of  the  formation. 

The  order  of  succession  of  the  Silurian  strata  along  the  line  of 
complicated  structure  from  Eriboll  to  Ullapool  was  described,  refer- 
ence being  made  to  the  further  subdivision  of  the  **  Pipe-rock  "  and 
the  Ghrudaidh  Limestones  (Group  I.  of  Durness  section).  None 
of  the  richly  fossiliferous  zones  of  Durness  is  met  with  along  this 
line,  as  they  occupy  higher  horizons.  An  examination  of  the  fossils 
recently  obtained  by  the  Geological  Survey  from  the  Durness  Lime- 
stones confirms  Salter's  conclusions  that  they  are  distinctly  of  an 
American  type,  the  Sutherland  quartzites  and  limestones  being 
represented  by  the  Potsdam  Sandstones  and  Calciferous  Sand  Group 
of  North  America. 

After  the  deposition  of  the  limestones,  the  Cambrian  and  Silurian 
strata  were  pierced  by  igneous  rocks,  mainly  in  the  form  of  sheets, 
producing  important  alterations  in  the  sedimentary  deposits  by  con- 
tact-metamorphism,  the  quartzites  becoming  crystalline,  and  the 
limestones  being  converted  into  marble. 

When  this  outburst  of  volcanic  activity  had  ceased,  terrestrial  dis- 
placements ensued  on  a  stupendous  sccde.  By  means  of  powerful 
thrusts  the  Silurian  strata  were  piled  on  each  other,  and  huge  slices 
of  the  old  Arcbsean  platform,  with  the  Cambrian  and  Silurian  strata 
resting  on  it,  were  driven  westwards  for  miles.  With  the  view 
of  illustrating  the  extraordinary  complications  produced  by  these 
movements,  a  series  of  horizontal  sections  was  described  drawn 
across  the  line  between  Eriboll  and  Ullapool. 

The  evidence  relating  to  regional  metamorphism  was  next  referred 
to,  from  which  it  is  obvious  that  with  each  successive  maximum 
thrust  there  is  a  progressive  amount  of  alteration  in  the  displaced 
masses,  as  the  observer  passes  eastwards  to  the  higher  thrust-planes. 
Eventually  the  Archaean  gneiss  is  so  deformed  that  the  Pre-Cam- 
brian foliation  disappears  and  is  replaced  by  new  divisional  planes; 
the  Cambrian  grits  and  shales  are  converted  into  schists ;  the  Silurian 
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qaartzites  into  quartz- soh ists ;  the  limestones  become  crystalline; 
the  sheets  of  intrusive  felsite,  diorite,  and  granitoid  rook  pass  into 
sericite  schist,  hornblende-schist,  and  augen-gneiss  respectively. 

The  researches  furnish  a  vast  amount  of  evidence  in  support  of 
the  theory  that  regional  metamorphism  is  due  to  the  dynamioEd  and 
chemical  effects  of  mechanical  movement  acting  on  crystalline  and 
clastic  rocks.  It  is  also  clear  that  regional  metamorphism  need  not 
be  confined  to  any  particular  geological  period,  because  in  the  N.W. 
Highlands,  both  in  Pre-Cambrian  time  and  after  the  deposition  of 
the  Durness  Limestone  (Lower  Silurian),  crystalline  schists  and 
gneiss  were  produced  on  a  magnificent  scale. 

2.  '<  On  the  Horizontal  Movements  of  Bocks,  and  the  Belation  of 
these  Movements  to  the  Formation  of  Dykes  and  Faults  and  to 
Denudation  and  the  Thickening  of  Strata."  By  William  Barlow, 
Esq.,  F.G.S. 

The  paper  commenced  with  a  description  of  some  horizontal  move- 
ments of  rocks  caused  by  gravitation ;  and  the  author  quoted  Mr.  C. 
£.  Dutton's  descriptions  of  the  Grand  Canon  District,  especiallj 
noting  the  fact  that  between  succeeding  escarpments  the  strata  dip 
slightly  from  the  crest  of  the  one  below  to  the  foot  of  the  next  above, 
and  that  whilst  the  strata  of  the  median  parts  of  each  terrace  are 
nearly  horizontal,  the  inclination  increases  as  we  approach  the 
escarpment  of  the  next  higher  terrace,  and  also  that  Dutton  observed 
indications  of  a  slight  elevation  of  the  unloaded  strata  vnthin  the 
denuded  elliptical  area  known  as  the  "  San  Bafael  SwelL"  After 
alluding  to  Dutton's  suggestion  that  the  phenomenon  referred  to  is 
analogous  to  the  action  of  creeping  in  deep  mines,  the  author  dis- 
cussed the  nature  of  such  *'  creeps/'  which  he  defined  as  the  thicken- 
ing of  the  parts  of  beds  from  which  a  load  of  superincumbent  rock 
has  been  lifted,  caused  by  a  thinning  of  the  adjoining  parts  which 
remained  loaded,  some  of  the  substance  of  the  latter  having  been 
squeezed  out  to  furnish  the  material  for  the  thickening,  and  suggested 
that  some  of  the  subsidiary  plications  found  on  the  flanks  of  moun- 
tains are  caused  by  the  thrusts  arising  from  creeps.  He  also  paralleled 
the  fissures  in  the  precipices  of  the  Grand  Canon  District  with  those 
produced  in  the  pillars  of  coal  owing  to  the  strain  induced  by  the 
slight  inequality  in  the  yielding  of  the  bed  supporting  it,  and  pointed 
out  how  such  fissures  would  facilitate  denudation,  giving  instances 
recorded  by  Dutton,  and  that  an  appreciable  influence  might  be  thus 
produced  in  all  cases  of  mountain-denudation. 

The  author  next  considered  the  case  of  a  body  of  molten  rock 
below  a  considerable  mass  of  solid  rock,  llie  pressure  upon  the 
molten  mass  would  cause  movement  to  take  place  towards  the  point 
where  the  superincumbent  weight  was  least,  provided  that  absolute 
equilibrium  did  not  exist.  The  overlying  rocks  being  more  or  less 
plastic,  some  horizontal  movement  of  the  solid  rocks  at  the  confines 
of  the  molten  mass,  and  subjected  to  its  influence,  might  be  looked 
for.  Any  such  yielding  would  tend  to  draw  apart  the  solid  crost 
resting  upon  the  molten  rock,  and  the  ground  would  open  along  lines 
of  weakness,  such  as  won\d  \>e  pxodxiQ^d  by  the  presence  of  joints, 
the  crust  in  some  ccksea  breaVmg  \i^  m\ic>\dx^'t  qt  %\fiA^<^T  SsAi;Q3^'svta« 
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When  a  large  mass  of  molten  matter  occurred  near  the  surface, 
and  a  fissure  was  produced  in  the  way  described,  the  weight  of  the 
raptured  crust  would,  if  the  plastic  mass  beneath  were  sufficiently 
liquid,  cause  the  latter  to  rise  in  the  fissure,  producing  dykes. 
Attention  was  called  to  the  fact  observed  by  Button  that  basaltic 
vents  frequently  occur  on  the  brink  of  cliffs,  but  never  at  their 
bases;  also  to  the  existence  of  dykes  having  a  strike  parallel  to 
the  Colorado  Biver.  In  most  cases  the  vertical  fissures  which 
received  the  molten  rock  would  begin  to  open  from  below,  and  the 
upper  strata  might  altogether  escape  rupture. 

The  author  discussed  the  case  of  the  Henry  Mountains,  and 
explained  the  formation  of  flat-topped  and  flat-bottomed  dykes 
according  to  his  views.  He  next  called  attention  to  the  influence 
which  the  motions  of  the  rocks  had  exercised  in  determining  direc- 
tions of  drainage  when  fissures  left  unfilled  became  occupied  by 
streams.  He  next  alluded  to  river- valleys,  the  existence  of  which 
had  been  accounted  for  by  *'  antecedent "  and  "  superimposed  *' 
drainage,  and  suggested  difficulties  in  the  way  of  accepting  the 
explanations  hitherto  advanced,  and  considered  them  to  be  instances 
of  fissuring  produced  by  movements  of  the  strata  due  to  the  pressure 
of  a  mass  of  molten  or  highly  plastic  rock  spreading  laterally. 

After  treating  of  the  formation  of  faults  with  normal  hade»  which 
he  referred  in  some  cases  to  rupture  of  the  solid  crust  by  the  spread 
of  a  vast  mass  of  viscous  matter  lying  beneath  it  (the  faults  being 
sometimes  replaced  above  by  monoclinal  folds),  he  referred  in  con- 
clusion to  the  extent  of  the  horizontal  compression  of  the  earth's 
superficial  crust,  which  is  seen  to  be  associated  with  the  elevation 
of  mountain-ranges,  and  called  attention  to  some  evidence  that  the 
thickening  of  the  strata  caused  thereby  would  be  more  considerable 
and  general  than  ordinarily  supposed. 

3.  "  Notes  on  a  Recent  Discovery  of  Sttgmaria  ficoides  at  Clayton, 
Yorkshire."     By  Samuel  A.  Adamson,  Esq.,  F.G.S. 

The  specimen  described  was  obtained  in  November,  1887,  from  the 
beds  between  the  Better-bed  Coal  and  the  EUand  Flagstone  of  the 
Fall-top  Quarries  of  Messrs.  Murgatroyd.  The  author  gave  measure- 
ments of  the  specimen,  and  compared  them  with  those  of  another 
found  in  the  same  quarry  in  1886,  and  now  preserved  in  the  Owens 
College,  and  with  those  of  a  third  obtained  in  an  adjoining  quarry. 


■» 

ROUNDING  OF  PEBBLES  BY  ALPINE  RIVERS. 

Sir, — Mr.  Irving's  remarks  in  your  last  number  appear  to  call 
for  a  few  words  in  reply.  As  my  paper  was  entitled  *'0n  the 
Bounding  of  Pebbles  by  Alpine  Bivers,"  I  fail  to  see  that  I  was 
bound  to  discuss  other  modes  of  forming  pebbles,  unless  they 
seriously  interfered  with  the  inductions  which  I  was  attempting  to 
draw.  Hence,  I  did  not  mention  "  the  weathering  of  debris  on  the 
mountain  sides,"  because,  so  far  as  that  had  a  bearing  on  my  subject, 
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it  streDgthened  my  argument,  which  was  to  show  that  a  respectable 
pebble  was  not  easily  made  by  running  water,  and  because,  in  the 
case  of  the  rocks  with  which  I  was  dealing,  the  rounding  mentioned 
by  Mr.  Irving  is,  as  a  rule,  a  very  secondary  and  subordinate  matter. 

(1.)  Every  one  knows  that  certain  rocks  become  tolerably  rounded 
by  mere  aerial  waste,  but  the  debris  which  reaches  Alpine  torrents 
(in  the  districts  of  which  I  spoke)  is  commonly  angular ;  and  this 
is  equally  true  of  the  material  to  which  my  inferenoea  applied.  I 
may  add  that  I  believe  few  things  are  more  important  in  attempting 
to  reason  inductively  from  observed  fEM^ts  than  to  be  careful  in  pre* 
serving  a  due  relation  between  quantities  of  the  first  and  second 
order  of  magnitude  (as  they  are  odled  by  mathematicians).  Over- 
much precision  of  statement  and  an  elaborate  parade  of  small  details 
interfere  with  our  sense  of  proportion,  and  there  is  great  danger,  if 
you  look  at  a  sprat  for  too  long  a  time,  and  from  too  near  a  point  of 
view,  that  you  may  at  last  fancy  it  a  whale. 

(2.)  In  regard  to  "  the  scouring  action  of  sand,"  I  cannot  pretend 
to  say  how  much  is  done  by  the  knocking  of  the  pebbles  together, 
and  how  much  by  the  friction  of  passing  sand ;  but  I  certainly  cannot 
make  the  distinction  which  Mr.  Irving  attempts  to  do.  All  the  rivers 
of  which  I  spoke  transport  quantities  of  sand  as  well  as  pebbles  in 
all  parts  of  their  course,  though  it  is  only  in  the  lower  part  that  they 
can  deposit  much  of  the  former.  However,  as  it  takes  a  very  long 
journey  to  remove  the  angles  from  a  grain  of  sand,  I  have  my  doubts 
as  to  its  conspicuous  efficiency  as  a  fashioner  of  pebbles  out  of  pieces 
of  hard  rock,  and  if  Mr.  Irving  alludes  to  the  action  of  sand  on 
pebbles  which  but  rarely  travel,  then  I  think  it  would  tend  to  flatten 
rather  than  to  round  them. 

(3.)  In  regard  to  the  general  question  raised,  viz.  the  origin  of 
the  pebbles  and  other  materials  of  the  Bunter  group,  space  will  not 
permit  me  to  enter  into  details,  so  I  must  forbear  to  criticize  minor 
but  not  unimportant  points  in  Mr.  Irving's  letter,  such  as  "the 
pebble-beds  proper  being  quite  local"  a  statement  which  is  only  true 
if  a  most  liberally  extended  sense  be  given  to  the  last  word.  But  I 
express  a  fundamental  dissent  by  asking  whether  there  is  any 
evidence  at  all  in  favour  of  the  Bunter  being  a  marine  deposit,  and 
still  more  a  deposit  in  a  sea  where,  according  to  the  ordinary  rules, 
strong  coast  currents  or  a  rolling  surf  would  be  likely  to  exist.  All 
I  can  say  is  that  the  Bunter  as  a  whole  is  remarkably  unlike  every 
admitted  marine  formation  which  I  have  ever  examined,  while  it 
presents  a  strong  resemblance  to  such  deposits  as  parts  of  the  Old 
Bed  Sandstone,  some  beds  in  the  Lower  Carboniferous  of  Scotland,, 
and  the  Nagelflue  of  the  Alps :  deposits,  which  most  geologists  agree 
in  considering  more  or  less  fluviatile:  nay,  allowing  for  a  slight 
difference  in  colour  and  hardness,  the  Bunter  pebble-beds  of  Gen^ 
England  (I  said  nothing  about  Southern  England)  are  indistinguish- 
able from  many  of  the  old  sub- Alpine  river-drifts  which  l»have 
repeatedly  examined.  T.  G.  Bommet. 
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GRAPHITE  AT  KENDAL. 

Sir, — A  few  days  ago,  in  digging  a  grave  in  the  cemetery  at 
Kendal,  a  piece  of  graphite  weighing  about  five  ounces  was  found 
in  the  Glacial  Drift  of  which  the  ground  is  composed.  The  cemetery 
is  at  the  southern  base  of  the  Oastle  Hill,  a  large  drumlin  containing 
boulders  and  gravel,  of  Shap  granite,  Kirkby  Moor  flags  (Ludlow), 
Ash  (Borrowdale  series),  and  other  rocks.  The  granite  is  only  found 
on  the  northern  half  of  the  hill.  The  other  rocks  might  be  derived 
from  the  valleys  which  converge  on  Kendal  or  in  the  line  of  boulder 
flow  from  Shap. 

Unfortunately  the  graphite  was  not  found  in  undisturbed  drift 
It  lay  a  short  distance  above  the  lid  of  the  coffin  of  an  earlier  inter- 
ment made  about  17  years  ago.  But  it  was  so  coated  with  soil  that 
if  it  had  not  been  accidentally  scratched  with  the  spade  in  digging, 
the  sexton  would  not  have  noticed  anything  peculiar  about  it,  and 
it  is  very  probable  that  it  may  have  been  thrown  out  when  the 
original  grave  was  made,  and  reburied  when  the  grave  was  filled  in. 

That  it  was  brought  by  other  than  nature's  agency  is  not  likely. 
It  was  not  usual  at  the  date  of  the  earlier  interment  to  place 
ornaments  on  the  graves,  and  the  piece  of  graphite  is  not  an  article 
likely  to  be  used  for  that  purpose. 

Probably  therefore  it  has  been  brought  down  with  the  drift  from 
some  deposit  of  graphite  to  the  North  or  North-East.  It  is  not 
likely  to  have  come  from  Borrowdale ;  for  I  know  of  no  instance  of 
the  discovery  of  any  rock  which  can  be  distinctly  traced  to  that 
region  in  the  Kendal  drift. 

Graphite  being  rare  and  destructible,  I  thought  it  might  be  of 

interest  to  record  the  discovery.  Geo.  Cbewdson. 

St.  George's  Vicaraoe,  Kendal, 
9tA  Jfay,  1888. 


THE  METAMORPHIC  ROCKS  OF  SOUTH  DEVON. 

Sib, — In  reply  to  Miss  C.  A.  Raisin's  letter  (see  Geol.  Mao. 
p.  190)  the  chloritic  rock  is  a  little  on  the  north  (or  more  correctly 
the  north-west)  side  of  Prof.  Bonney's  fault-line  where  first  indicated 
at  the  commencement  of  his  ''  true  schists."  These  schists  are  also 
in  their  line  of  strike,  on  the  south  side  of  the  chloritic  rock.  A 
recent  visit  has,  however,  enabled  me  to  find  these  chloritic  rocks 
still  further  north,  across  the  stream  on  the  north  flank  of  the  valley, 
so  that  the  stream  cannot  be  regarded  as  marking  a  line  of  fault, 
which  from  physical  appearances  it  might  seem  to  do. 

69,  Fleet  Street,  Torquay.  A  LEX.  SoMERVAiL. 

WALTER    KEEPING,    M.A., 

BORN  JANUARY  6,  1854  ;  DIED  FEBRUARY  22,  1888. 

Mb.  Walter  Keeping  has  for  six  years  been  lost  to  his  friends 
and  to  science.     In  the  vigour  of  early  manhood  he  was  somewhat 
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Buddenly  strnck  down  by  a  form  of  paralysis,  well  known  to  medical 
men,  which  seldom  spares  its  Yictim  so  long  as  in  the  present  case. 
Previous  to  those  six  years  we  see  him  in  full  intellectual  activity, 
after  a  distinguished  University  career  and  a  period  of  further  train- 
ing as  a  teacher  himself,  settled  down  in  charge  of  the  magnificent 
collections  in  the  York  Museum,  and  giving  promise  of  much 
valuable  work  for  science. 

His  early  education  was  carried  on  alongside  of  work,  which  he 
bad  to  perform  in  positions  of  more  or  less  importance  and  trust, 
ending  in  the  post  of  assistant  to  his  father  in  the  Woodwardian 
Museum.  At  the  age  of  19  he  won  a  Scholarship  at  Christ's  College, 
and  in  due  course  graduated,  obtaining  a  distinguished  position  in 
the  First  Class  of  the  Natural  Sciences  Tripos  of  1877.  He  con- 
tinued to  work  in  the  Woodwardian  Museum  until  he  was  appointed 
Professor  of  Natural  Science  in  the  University  College  of  Wales  at 
Aberystwitb.  His  quickness  of  observation  always  attracted  him 
to  the  study  of  the  Geology  of  the  district  in  which  he  resided. 

ITie  Lower  Greensand  of  the  neighbourhood  of  Cambridge,  with 
its  derivative  fossils  and  rocks,  as  well  as  those  which  belonged  to 
the  age  of  the  deposit,  had  received  great  importance  from  the 
economic  value  of  the  phosphatic  nodules  it  contained,  and  early 
engaged  his  attention.  It  was  then  beginning  to  be  the  fashion  to 
speak  of  it  as  Neocomian.  In  1875  be  published  a  paper  in  the 
Geological  Magazine  on  ''The  Occurrence  of  Neocomian  Sands 
with  Phosphatic  Nodules  at  Brickhill.'*  Five  years  later  he  con- 
tributed a  paper  to  this  Magazine  on  '*  The  Included  Pebbles  of  the 
Upper  Neocomian  Sands  of  the  South  East  of  England,  especially 
those  of  the  Upware  and  Potton  Pebble-beds";  and  in  1883  the 
Sedgwick  Prize  was  awarded  him  for  his  Essay  upon  "  The  Fossils 
and  Palseontological  AfiQnities  of  the  Neocomian  Deposits  of  Upware 
and  Brickhill." 

He  was  especially  interested  in  the  Echinodermata,  and  in  1876 
and  1878  contributed  some  valuable  Pala3ontological  Notes  to  the 
Journal  of  the  Geological  Society  in  his  papers  on  Palaeozoic  Echini ; 
on  the  Discovery  of  Melonitea  in  Britain  ;  and  on  Pelanechinut, 
a  new  genus  of  sea-urchins  from  the  Coral  Kag. 

On  his  appointment  to  the  Chair  of  Natural  Science  at  Aberyst- 
witb, he  turned  his  attention  to  the  geology  of  the  surrounding 
district,  which  he  described  in  this  Magazine  in  1878,  and  in  a 
paper  on  "The  Geology  of  Central  Wales,"  read  before  the  Geological 
Society  in  1881. 

These  and  various  other  notes  and  papers,  recording  observations 
made  by  him  in  the  British  Isles  and  on  the  Continent,  show  a  keen 
perception  of  details  and  a  power  of  generalization,  which  led  his 
friends  to  anticipate  for  him  a  long  career  of  distinction  and  useful 
work.  But  soon  after  his  appointment  to  the  Curatorship  of  the 
York  Museum,  his  health  broke  down,  and  after  six  years  painful 
illness,  he  passed  away  in  February,  1888. 

Tiios.  McKenny  Hughes. 
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I. — ^WOODWABDIAK     HUSKUM    NOTES.      Ov     OaLAMJTKS  UNDULATUS 

(Stemb.). 

By  Albbbt  G.  Sbwahd,  B.A.,  F.G.S., 

Foundation  Scholar  of  St.  Jolm's  College,  Cambridge. 

(PLATE  IX.) 

AT  the  end  of  his  monograph  on  the  stmcture  of  Calamtles,  Prof. 
Williamson  makes  the  following  remark  : ' — "  I  am  disposed 
to  regard  all  existing  specific  names  and  definitions  as  worthless. 
They  separate  things  that  I  believe  to  be  identical,  and  confound 
others  that  are  obvioasly  distinct."  The  specimen  described  below 
affords  an  interesting  example  in  support  of  this  view. 

Sternberg  founded  the  species  undidahu  on  specimens  with  undu- 
lating ribs,  which  he  figured  in  the  **  Flora  der  Vorwelt" '  In  the 
''  Prodrome  d'une  Histoire  des  vegetaux  fossiles,"  Brongniart  includes 
this  species  in  his  list  of  Calamites.  The  same  author  describes  C, 
wndviatus  in  his  later  work,'  but  suggests,  however,  that  it  may  be  a 
variety  of  Calamites  Suekowii, 

Ettingshausen '  recognizes  the  impossibility  of  separating  the 
different  species  of  Calamites,  and  includes  Calamites  undtdatus,  C, 
Suehawii,  C.  aqticUie,  and  many  others  under  one  species,  C,  eommunie, 
Schimper  '  considers  the  flexuous  character  of  the  ribs  and  furrows 
of  Calamitee  to  be  due  to  vertical  pressure,  and  attaches  no  specific 
importance  to  it. 

Dawson  *  retains  the  species  undulatus,  because  certain  specimens 
show  the  reticulate  markings  on  the  surface  similar  to  those  repre- 
sented in  Brongniart's  figures ;  the  undulating  character  of  the  ribs 
he  considers  may  perhaps  be  an  indication  of  vertical  pressure. 

Hr.  Kidston  ^  does  not  include  the  species  in  his  catalogue ;  he 

^  Phil.  Trans.  Koyal  Soc.  1881,  On  the  Organization  of  Fossil  Plants  of  the 
Coal-measures,  pt.  i.  CalamitM,  p.  507. 

'  Versuch  einer  Oeognostiscb-botanischen,  Darstellongen  der  Flora  der  Yorwelt. 
Ten.  ii.  p.  47,  pi.  i.  fig.  i.  pi.  xx.  fig.  8. 

'  Hist,  dee  v^g^t.  fossiles,  tome  i.  p.  127. 

*  Die  SteiDkohlenflora  yon  Radnitz  in  Bbhmen,  Abhandlungen  der  Eais.  Kdnig- 
lichen  G^logischen  Reichsanstalt,  ii.  Band,  3  Abtb.  No.  3,  p.  26. 

*  Traits  de  Paleontologie  v6g6tale,  tome  i.  p.  313. 

*  Report  on  the  Fossil  Plants  of  the  Lower  Carboniferous  and  Millstone  Grit 
Formations  of  Canada,  Geol.  Surrey  of  Canada,  p.  30. 

^  Catalogue  of  the  Paleozoic  Plants  in  the  British  Museum,  p.  25. 

HMOADM  ZU. — VOL.   Y, — VO,  TU.  \^ 


290  A.  C.  Seward — Calamitea  undulatm, 

regards  the  flexuons  character  of  the  furrows  to  have  been  imparted 
by  pressure,  any  Calamiie  being  liable  to  a  bending  of  its  furrows 
from  the  same  cause. 

The  specimen  now  described  and  figured  (Plate  IX.  Fig.  1.  A« 
B.)  is  a  pyritous  sandstone  cast  of  the  medullary  cavity  of  a  CcUamUe, 
showing  two  intemodes  and  one  node.  I  found  it  in  a  piece  of  rock 
which  had  been  brooght  to  the  surface  in  sinking  a  shaft  at  a  colliery 
near  Wigan. 

Figures  1  A,  and  1 B.  are  opposite  sides  of  the  same  specimen.  In 
Fig.  I  A,  the  ribs  are  perfectly  straight  and  close  together.  No  ''infra- 
nodal  canals"  are  visible  on  either  side  of  the  specimen.  At  the  left- 
hand  upper  comer  of  Fig.  I  A,  the  ribs  become  wide  and  irregular :  in 
Fig.  I  B,  these  characters  are  still  further  developed,  the  ribs  and 
furrows  now  having  a  decidedly  flexuous  appearance.  In  Fig.  1  A, 
there  are  about  eight  ribs  in  a  space  of  one  cm.,  in  Fig.  1  B,  three 
occupy  the  same  s^aoe.  The  length  of  the  specimen  is  different  on 
the  two  sides,  the  side  with  the  straight  ribs  and  furrows  being  10  cm. 
long,  and  that  with  the  flexuous  ribs  9  cm.  The  ribs  and  furrows 
alternate  at  the  node. 

On  many  of  the  ribs  there  is  a  faint  median  line  visible,  which  is 
in  some  parts  rendered  more  conspicuous  by  the  presence  of  carbon- 
aceous matter.  This  difiference  in  the  breadth  of  the  ribs  on  the 
two  halves  of  the  specimen  is  probably  due  to  the  original  arrange- 
ment of  the  vascular  wedges  and  medullary  rays  in  the  living 
Calamite.  Prof.  Williamson^  has  figured  a  transverse  section  of  a 
Calamite  in  which  the  distance  between  the  woody  wedges  varies  in 
the  two  halves  of  the  stem,  the  medullary  rays  being  narrow  in  the 
one  half  and  wide  in  the  other  half  of  the  section.  In  Prof. 
Williamson's  collection  of  microscopic  slides,  which  I  have  had  an 
opportunity  of  examining  through  his  kindness,  I  have  met  with 
other  specimens  showing  the  same  inequality  in  the  size  of  the 
medullary  rays  on  the  opposite  sides  of  the  section. 

In  the  Wood  ward  ian  Museum  there  is  a  flattened  cast  of  the 
medullary  cavity  of  a  Calamite  which  shows  the  same  characters 
still  more  clearly  (PI.  IX.  Fig.  2  A,  B).  The  specimen  is  18  cm. 
long  and  6*5  cm.  broad.  On  the  side  shown  in  Fig.  2  A,  the  ribs  are 
straight  and  close  together;  on  the  side  shown  in  Fig.  2  B,  they  are 
wide  and  flexuous.  '*  Infranodal  canals  "  are  clearly  shown  on  the 
side  with  wide  and  wavy  ribs,  but  less  distinctly  on  the  opposite  side. 

The  following  measurements  show  that  the  intemodes  on  the  side 
with  the  wide  and  flexuous  ribs  are  shorter  than  those  with  the 
narrow  and  straight  ribs : — 

(Plate  IX.) 

Fig.  2  A.  Fig.  2  B. 

(Number  of  ribs  per  cm.  35.)  (Number  of  ribs  per  cm.  17.) 

Length  of  intemode  i.     3*9  cm.  Length  of  intemode  i.  3*5  cm. 

,,               ,,         ii.    4     cm.  ,,               ,,         ii.  3*7  cm. 

,,                ,,          iii.  4*2  cm.  ,,                „          iii.  3*0  cm. 

„                „         iv.  3*9  cm.  ,,                „         iT.  3*7  cm. 

'  Pbil.  Trans.  Koyal  Soc.  1883,  On  the  Organization  of  Fossil  Plants  of  ths 
Coal-measures,  pt.  zii.  pi.  33,  ^.19. 
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The  first  specimen  described  also  showed  that  the  shorter  side  was 
that  on  which  the  ribs  were  wide  and  flexuous.  These  facts  saggest 
that  the  flexuous  or  undulating  character  of  the  ribs  and  furrows 
may  have  been  induced  by  a  pressure  which  acted  on  the  living 
plant  and  caused  it  to  bend ;  this  would  have  the  e£fect  of  widening 
and  crumpling  the  ribs  on  the  concave  side  of  the  bent  plant. 


XL — Elevation  and  Subsidence  :   A  Suggestion. 

By  Profeesor  C.  Llotd  Morgan,  F.G.S., 

Of  UmTersity  College,  Bristol. 

IT  is  unnecessary  for  me  to  remind  the  readers  of  the  Geologioal 
Magazine  of  the  evidence  for  elevation  and  subsidence.  For 
my  present  purpose  it  is  sufScient  to  remind  them  that  such  elevation 
and  subsidence  has  been  attributed  (1)  to  lateral  pressure  giving 
rise  to  long  geo-anticlines  and  geo-synclines ;  (2)  to  expansion 
and  contraction  of  the  underlayers  resulting  from  a  rise  or  a  fall  of 
temperature ;  and  (3)  to  the  loading  and  unloading  of  the  areas  of 
the  earth's  crust  affected.  Apparent  elevation  and  subsidence,  which 
we  may  here  neglect,  may  be  due  to  a  rise  or  fall  of  the  sea-level 
such  as  is  dealt  with  by  Prof.  Hull  in  a  recent  communication  to  this 
Magazine. 

(1.)  There  can  be  no  doubt  that  the  formation  of  long  geo-dines 
under  the  influence  of  lateral  pressure  (whether  produced  by  secular 
contraction,  by  the  screwing  of  the  earth's  crust  suggested  by  George 
Darwin,  or  otherwise)  is  a  factor  in  the  upheaval  and  depression  of 
the  land.  So  far  as  my  present  purpose  is  concerned,  however,  it  is 
only  necessary  to  point  out  that  during  the  formation  of  geo-clines 
under  the  influences  of  this  lateral  pressure  there  must  be  a  tendency 
to  lessen  the  vertical  pressure  on  the  underlayers  beneath  a  geo- 
anticline  and  to  increase  the  pressure  on  the  underlayers  beneath  a 
geo-syncline. 

(2.)  The  effects  of  hydrothermal  action  on  the  solid  underlayers 
of  the  earth's  crust  would  seem  to  be  of  two  kinds  with  opposite 
tendencies.  First  there  is  the  direct  effect  of  heat  with  a  tendency 
to  expansion.  Mr.  Mellard  Reade  has  lately  {**  Origin  of  Mountain 
Banges  ")  insisted  on  the  importance  of  this  factor  in  the  upheaval 
of  the  surface.  Secondly,  there  are  the  metamorphic  changes  super- 
induced. The  tendency  of  these  is  towards  condensation  or  con- 
traction. Which  tendency  predominates  ?  I  doubt  if  this  question 
can  be  answered  d  priori.  But  we  are  taught  that  continued  sedi- 
mentation involves  a  rise  of  the  isogeotherms  beneath  the  area  in 
which  sedimentation  is  taking  place:  and  we  know  that  there  is 
abundant  geological  evidence  that  areas  of  sedimentation  are  also 
areas  of  subsidence.  If,  therefore,  the  changes  in  the  solid  under- 
layers which  result  from  hydrothermal  action  take  place  pari  passu 
with  sedimentation,  such  evidence  as  we  possess  is  in  favour  rather  of 
contraction  than  expansion.  Or  if  expansion  does  take  place,  its 
effects  must  be  over- mastered  by  those  of  some  opposing  tendency 
or  tendencies.    Mr.  Mellard  Beade  would  indeed  oontAiid  lVi%»\.  \!^<^ 
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uplift  manifefits  itself  in  the  mountain-building  at  the  dose  of  sedi- 
mentatioQ.  It  is  difficult,  however,  to  understand  why  the  effects 
should  be  so  long  deferred. 

As  a  corollary  from  the  rise  of  the  isogeotherms  beneath  areas 
undergoing  sedimentation,  we  have  the  depression  of  the  isogeotherms 
beneath  areas  undergoing  denudation.  Here^  therefore,  cooling 
should  produce  'contraction,  and  there  should  be  subsidence.  This  is 
not  in  accordance  with  observation. 

(3.)  The  intimate  connection  between  subsidence  and  sedimenta- 
tion on  the  one  hand  and  elevation  and  denudation  on  the  other  hand 
has  often  been  insisted  on.  This  connection  may  be  regarded  in  two 
ways.  Many  geologists  maintain  that  denudation  is  consequent  upon 
upheaval,  and  that  continued  deposition  is  consequent  upon  (or  is 
conditioned  by)  continued  subsidence.  To  others,  however  (and  I 
count  myself  among  the  number),  this  mode  of  looking  at  the  facts 
is  not  wholly  satisfactory.  They  regard  the  uplift  as  in  some  way 
the  direct  result  of  the  lightening  of  the  load  by  denudation,  and  the 
subsidence  as  the  direct  result  of  the  added  load  by  sedimentation. 

(a)  Those  who  hold  the  latter  view  would  seem  generally  to  attri- 
bute the  elevation  and  subsidence  to  the  mere  weight  of  the  material 
added  to  or  removed  from  a  flexible  crust  resting  upon  a  fluid  or 
viscous  substratum. 

(6)  Mr.  0.  Fisher  has  suggested  (Proc.  Camb.  Phil.  Soo.  voL  vi. 
pt.  1)  that  water  gas  may  be  dissolved  in  molten  rock  just  as  carbonio 
anhydride  may  be  dissolved  in  water.  Applying  Henry's  law  of 
the  absorption  of  gases,  he  considers  that  on  the  pressure  being 
relieved  from  that  required  for  saturation,  vesicles  of  gas  may 
separate  from  the  solvent  and  may  coalesce  and  rise  through  tbe 
magma  expanding  as  they  reach  regions  of  diminished  pressure. 
From  this  expansion  an  uplift  of  the  overlying  area  would  result 

(c)  Prof.  Joseph  Le  Conte  has  suggested  (Nature,  vol.  xxix.  p.  213) 
that  the  principle  of  flotation  oomes  into  play.  He  assumes  that  the 
crust  of  continental  areas  is  more  conductive  and  therefore  cools  and 
thickens  more  rapidly  than  that  of  oceanic  areas.  Thus  inequalities 
of  thickness  of  the  crust  would  result,  and  by  flotation  these  in- 
equalities, produced  in  this  way  on  the  under  side  next  the  liquid 
substratum,  would  be  reproduced  on  the  upper  side  next  the 
atmosphere. 

Whether  such  flotation  would  take  place  depends  upon  whether 
the  solid  produced  by  cooling  is  heavier  or  lighter  than  the  liquid 
from  which  it  is  derived  and  on  which  it  rests.  Now,  although 
there  is  a  want  of  agreement  as  to  the  amount  of  contraction  which 
rocks  undergo  on  solidiflcaiion  and  crystallization,  it  is  well  nigh 
universally  admitted  that  solidiflcation  does  involve  such  contraction 
and  increase  of  density.  The  thickened  area  would  therefore  tend 
to  subside  rather  than  to  be  upheaved. 

(d)  It  is  the  object  of  this  paper  to  suggest  other  ways  in  which 
the  loading  and  unloading  of  the  earth's  crust  may  indirectly  bring 
about  subsidence  and  elevation.     I  must,  however,  first  ask  and  seek 
to  answer  one  or  two  prelimmarj  c^^%\iQiv&, 
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May  we  assume  the  existenoe  of  a  fluid  nnderlayer  beneatb  the 
gaperfioial  orast  of  the  earth  ?  I  think  we  may.  From  this  source 
Yoloanic  rock  would  seem  to  be  derived  ;  and  in  the  plutonic  rocks 
we  seem  to  see  the  solidified  crust  of  the  once  deeply-buried  under- 
layer.  Whether  the  fluid  underlayer  be  continuous  or  in  more  or 
less  isolated  reservoirs  we  cannot  say.  I  shall  suggest  in  the  sequel 
a  reason  why  this  substratum  should  assume  the  fluid  or  viscous  state. 

At  what  depth  beneath  the  surface  of  the  earth  may  the  plutonic 
rooks  have  solidified  ?  It  is  well  known  that  Mr.  Sorby  from  the  micro- 
scopical study  of  the  contained  crystals  concluded  that  the  granites 
of  Cornwall  solidified  under  a  pressure  equivalent  to  that  of  about 
50,000  feet  (9^  miles)  of  rock,  and  that  those  of  the  Highlands 
indicate  one  of  about  76,000  feet ;  while  Mr.  Clifton  Ward  suggested 
for  the  granite  and  granitoid  rocks  of  Westmoreland  and  Cumberland 
a  mean  pressure  of  44,000  feet  of  overload.  Commenting  upon  these 
results  Mr.  Prestwich  asks,  **  Are  we  warranted  in  supposing  that 
there  has  been  denudation  to  the  extent  of  removing  such  enormous 
masses  of  rock  as  this  would  imply  ?  "  and  Mr.  A.  G^ikie  answers, 
"It  is  not  probable  that  any  such  thick  overlying  mass  ever  did  cover 
the  granite."  (Prestwich,  Qeology,  vol.  i.  p.  432 ;  Qeikie,  Text  Book, 
p.  297.) 

What  was  the  condition  of  the  potential  granite  previous  to 
solidification?  Nearly  all  agree  that  it  was  rather  from  hydro- 
thermal  solution  (at  a  temperature  of,  say,  500^  C.)  than  from 
igneous  fusion  that  the  rock  solidified.  As  was  long  ago  pointed 
out  by  Bischof,  the  thinness  of  the  granite  veins  which  branch  out 
into  clay  slate,  the  sharpness  of  the  line  of  junction  between  the 
material  of  the  vein  and  that  of  the  country,  and  the  slight  alteration 
the  slate  has  undergone,  point  to  the  mobility  of  the  fluid  and  render 
the  possibility  of  gradual  solidification  from  igneous  fusion  out  of 
the  question.  (Chem.  and  Phys.  Geol.,  Paul's  Translation,  1859, 
ToL  iiL  p.  52.) 

What  is  the  amount  of  expansion  under  solidification  ?  Bischofs 
experiments  led  him  to  believe  that  the  formation  of  granite  from 
a  liquid  magma  involved  a  contraction  of  25  per  cent  Delesse 
gave  from  3  to  7  per  cent  as  a  more  probable  estimate.  Mr.  Mallet 
found  a  smaller  amount  of  contraction.  In  the  solidification  of 
plate-glass  the  contraction  was  1*59  per  cent.  In  the  case  of  iron- 
ilag'the  diminution  of  volume  was  6*7  per  cent  Now  the  sp.  gr.  of 
obsidian  is  from  2*4  to  2*5,  while  that  of  granite  is  (say)  2*65,  and 
that  of  syenite  (say)  2*8.  This  would  seem  to  point  to  a  diminution 
of  volume  by  6  or  8  per  cent  on  passing  from  the  vitreous  to  the 
crystallized  condition.  Probably  therefore  a  diminution  of  volume 
by  from  6  to  10  per  cent  on  passing  from  the  molten  to  the  crystal- 
lized condition  may  fairly  be  assumed  to  occur. 

It  is  well  known  that  water  expands  when  it  passes  into  the  con- 
dition of  ice  :  that  ice,  say,  at  —  I*'  C,  subjected  to  pressure  melts  or 
is  squeezed  into  the  liquid  condition :  that  at  high  pressures  water 
may  remain  liquid  though  the  temperature  &11  sevetai  OLQ^Q«a\^<^'« 
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zero :  and  that  on  relief  of  pressure  snch  liqaid  expands  into  ioe. 
Gonyersely  Amagat  has  shown  (Comtes  Bendus,  vol.  105,  p.  165), 
that  the  solidifying  point  of  carhon  tetrachloride  (a  substanoe  that 
contracts  on  solidification)  may  be  raised  from  —19*5°  0.  to  +  19*5°  C. 
by  increasing  the  pressure  from  210  to  1160  atmospheres  (approxi- 
mately). I  would  suggest  that  similar  changes  must  ocour  as  the 
fluid  or  viscous  matter  in  the  liquid  substratum  is  subjected  to 
increased  or  diminished  pressure. 

Increased  pressure  would  thus  tend  to  squeeze  the  magma  into  the 
solid  condition  or  to  induce  crystallisation  therein.  Diminished 
pressure  would  tend  to  allow  the  partially  solidified  or  crystallized 
magma  to  expand  into  the  fluid  state. 

Take  the  case  of  an  area  undergoing  continuous  sedimentation.  I 
would  suggest  that  the  increased  load  must  tend  to  squeeze  the  magma 
in  the  underlayers  into  the  solid  condition.  But  in  the  solid  con- 
dition the  rock  occupies  less  space.  Contraction  must  take  place  and 
the  contraction  is  manifested  at  the  surface  as  subsidence.  Further- 
more, without  committing  myself  to  the  acceptance  of  the  theory 
held  by  those  who  attribute  subsidence  to  mere  weight,  I  would 
suggest  to  the  upholders  of  that  theory  that  the  added  weight  of  the 
sediment  above  would  entail  on  this  hypothesis  an  added  weight 
below — that  is,  if  we  suppose  that  the  solidified  rock  adheres  to  the 
lower  surface  of  the  crust  in  this  region. 

In  a  i*egion  undergoing  denudation,  on  the  other  hand,  the  lighten- 
ing of  the  load  would  entail  the  melting  of  some  of  the  solidified  or 
crystallized  magmcu  Such  melting  would  be  accompanied  by  expan- 
sion, manifesting  itself  at  the  surface  by  an  uplift. 

By  the  expansion  of  the  melting  underlayers  tensile  stress  in  the 
overlying  strata  would  be  called  into  play,  and  this  would  throw 
these  strata  into  a  state  of  tensile  strain,  thus  giving  origin  to  normal 
faults  (to  account  for  the  formation  of  which  tensile  stress  must  on 
any  theory  be  called  into  play),  to  the  gradual  gaping  of  mineral 
veins,  and  to  dykes  into  which  the  molten  matter  would  be  injected 
by  the  expansive  force. 

Without  denying  as  a  factor  that  secular  refrigeration  on  whioh 
Mr.  Prestwich  relies  (G^eology,  vol.  ii.  p.  216),  I  would  suggest 
that  we  have  on  this  hypothesis  an  efScient  primary  cause  of  volcanic 
eruptions.  In  this  way  lava  is  pressed  upwards  towards  the  surface. 
The  expansion  of  the  contained  water  vapour  does  the  rest  of  the 
business. 

It  is  clear  that  the  process  I  have  here  suggested  would  be  partially 
checked  on  the  one  hand  by  the  assumed  rise  of  the  isogeotherms 
beneath  the  subsiding  area,  such  rise,  primarily  due  to  sedimentation, 
being  increased  by  the  latent  heat  rendered  sensible  during  solidifi- 
cation ;  and  on  the  other  hand  by  the  converse  depression  of  the 
isogeotherms  and  rendering  latent  of  the  heat  of  fusion  beneath  areas 
of  denudation. 

In  the  area  of  subsidence  lateral  pressure  would  to  some  extent 

be  brought  to  bear  in  aid  of  vertical  pressure  ;  for  it  is  evident  that 

Buch  subsidence  is  equivalent  to  t\i<i6  &^U«cl\xl^  of  a  portion  of  the 
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(approximately)  spherioal  crust ;  and  such  flattening  involves  com- 
pression. 

On  the  view  here  suggested  the  earth's  crust,  instead  of  being 
eaten  into  from  below  beneath  the  area  of  sedimentation,  is  there 
relatively  thickened ;  while  beneath  continental  areas  of  denudation, 
instead  of  being  thickened,  it  is  eaten  into  from  below.  The  occur- 
rence of  volcanoes  on  areas  of  elevation  seems  rather  to  lend  support 
to  the  thinning  of  the  crust  in  such  areas,  to  its  being  rent  by  the 
stress  so  as  to  give  rise  to  volcanic  fissures,  and,  as  in  America,  to 
fissure  eruptions.  Mountains  on  the  Uinta  and  Park  types  of  flexure 
(G^ikie,TextBook,pp.  914-15)  are  in  accordance  with  this  hypothesis. 

Concerning  mountain  ranges  of  the  Jura  and  Alpine  type,  where 
lateral  pressure  has  come  so  largely  into  play,  I  here  say  nothing.  I 
believe,  however,  that  the  principle  I  am  advocating  may  throw  a 
little  ray  of  light  on  that  most  difficult  subject. 

It  may  be  objected,  however,  that  since  liquids  transmit  pressure 
equally  in  all  directions,  there  is  no  reason  why  the  results  of  that 
pressure  should  be  manifested  immediately  beneath  the  loaded  area. 
But  does  not  this  depend  upon  the  mobility  of  the  liquid  ?  The  less 
mobile  the  liquid,  the  greater  the  tendency  for  the  effects  of  loading 
to  be  concentrated  beneath  the  loaded  area.  Beneath  £m  area  of 
sedimentation  the  mobility  is  much  decreased  by  incipient  crystalliza- 
tion. Moreover,  we  are  ignorant  how  far  the  liquid  substratum  is 
continuous,  and  how  far  in  disconnected  reservoirs.  The  objection 
may  be  more  serious  than  I  imagine.  I  should  be  glad  of  the 
opinion  of  physicists  on  this  head. 

There  is  another  way  in  which  variations  of  pressure  due  to  the 
loading  and  unloading  of  different  areas  of  the  earth's  crust  may 
affect  the  liquid  substratum.  There  can  be  little  doubt  that  the 
water  contained  in  the  magma  is  above  its  critical  temperature. 
Unless,  therefore,  it  is  dissolved  in  the  molten  rock,  as  Mr.  0.  Fisher 
has  suggested,  it  must  be  in  the  state  of  compressed  gas.  But  such 
a  gas  would  expand  and  contract  under  variations  of  this  pressure. 
Even  if  the  temperature  be  not  above  the  critical  point,  it  must  be 
near  that  point;  and  the  recent  researches  of  Hamsay  and  Toung 
(Phil.  Trans.  1886,  pt.  i.  p.  128 ;  1887  (vol.  178),  pp.  67  and  313), 
afford  ample  confirmation  of  the  fact,  first  observed  in  1835  by 
Thilorier  in  the  case  of  carbonic  anhydride,  that  near  the  critical 
point  a  substance  in  the  liquid  state  is  even  more  compressible  than 
in  the  gaseous  state  above  that  temperature. 

To  sum  up.  If  the  upper  layers  are  by  lateral  pressure  thrown 
into  long  geo-clines,  there  will  be  from  this  cause  an  increased  pres- 
sure beneath  the  geo-synclines,  and  a  diminished  pressure  beneath 
the  geo-anticlines.  The  pressure  on  the  geo-synclinal  area  will  be 
increased  by  sedimentation,  while  that  on  the  geo-anticlinal  area 
will  be  diminished  by  denudation.  This  increased  pressure  beneath 
the  area  of  sedimentation  may,  it  is  suggested,  squeeze  some  of  the 
underlying  magma  into  a  solid  state,  thus  giving  rise  to  contraction 
and  'further  subsidence.  It  may  also  cause  the  further  compression 
of  the  water  gas  contained  in  the  magma,  thus  giving  rise  to  further 


296     l^rof.  C.  Lloyd  Morgan — Elevation  and  Subsidence. 

oontraction  and  yet  further  subaidenoe.  Converselj  beneath  an  area 
of  denudation  the  decreased  pressure  may  allow  some  of  the  solidi- 
fied magma  (kept  solid  by  pressure)  to  liquefy,  thus  giving  rise  to 
expansion  and  uplift.  It  may  also  permit  the  expansion  of  the 
water  gas  contained  in  the  magma,  and  thus  give  rise  to  further 
expansion  and  uplift.  And  if,  as  some  geologists  have  contended, 
loading  and  unloading  are  in  themselves  sufficient  directly  to  depress 
or  to  cause  the  uplift  of  a  flexible  crust,  it  is  clear  that  subsidence  will 
more  readily  take  place  in  that  area  which  is  not  only  being  loaded 
above,  but  is  being  also  thickened  below  by  the  condensation  of  the 
magma  into  solid;  and  that  uplift  will  be  more  readily  effeetod 
where  the  crust  is  not  only  being  denuded  above,  but  being  eaten 
into  by  the  melting  of  the  underlayers  below. 

May  we  not  perhaps  account  on  somewhat  similar  principles  for 
the  existence  of  the  underlying  liquid  or  viscous  substratum  ?  Mr. 
Mellard  Heade  and  Mr.  Davison  have  lately  independently  pointed 
out  that,  owing  to  the  cooling  and  contraction  of  the  eartii's  crust, 
there  is  at  some  depth  beneath  the  surface  a  level  of  no  stress,  where 
there  is  neither  lateral  compression  nor  extension,  though  the  rooks 
are  of  course  subject  to  the  vertical  pressure  of  the  overload.  Above 
this  level  the  rocks  are  subject  to  compressive  stress,  and  below  this 
level  to  tensile  stress.  Picture  the  earth  as  composed,  onion-fashion, 
of  a  number  of  concentric  shells,  and  fix  the  attention  on  one  of 
these  shells  at  a  depth  of  say  three  miles  from  the  surface.  Suppose 
this  shell  to  be  cooling  and  undergoing  contraction.  The  shrinkage 
thus  brought  about  will  throw  the  shell  into  a  state  of  tensile  strain 
(like  the  oft-washed  flannel  shirt  which  has  become  uncomfortably 
tight).  Now  transfer  the  attention  to  the  fact  that  the  shells  in- 
terior to  the  one  we  have  selected  are  contracting.  The  sheU  has 
to  fit  a  continually  diminishing  nucleus  (like  the  frock-coat  of  a  man 
who  is  rapidly  losing  flesh).  In  accommodating  itself  to  this 
shrinking  nucleus,  the  shell  is  subject  to  compressive  stress.  The 
question  is,  then,  with  regard  to  any  given  shell.  Which  tendency 
predominates — the  compressive  stress  due  to  the  radial  contractioa 
of  the  sphere,  or  the  tensile  stress  due  to  the  circumferential  con* 
traction  of  the  zone  in  question  ?  At  the  level  of  no  stress  these 
tendencies  are  equal  and  opposite:  above  that  level  compressive 
stress  predominates :  below  that  level  tensile  stress  predominates. 
According  to  Mr.  Davison  (Phil.  Trans.  1887)  the  level  of  no  stress 
lies  five  miles  deep  from  the  surface;  according  to  Mr.  Mellard 
Beade  (Origin  of  Mountain  Ranges,  p.  125),  it  may  be  taken  to  lie 
at  a  depth  of  one  mile :  Mr.  Osmond  Fisher  would  reduce  this  to 
less  than  a  mile  (Phil.  Mag.  Jan.  1888). 

Is  it  not  possible,  I  would  suggest,  that  throughout  the  zone  of 
maximum  tension,  due  to  circumferential  contraction,  the  rocks  may 
be  rendered  fluid  by  relief  of  pressure  ? 

I  have  now  sketched  out  in  briefest  possible  outline  the  suggestion 
or  suggestions  I  have  to  offer  with  regard  to  elevation  and  sub- 
sidence. I  have  introduced  no  calculations  of  the  amounts  of 
upheaval  or  subsidence.    AIthoug|h  it  is  easy  to  see  that  the  aocamu- 
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lation  of  12000  feet  of  Coal-measnres  in  South  Wales  would  inv< 
a  very  material  inorease  of  pressure  on  the  underlayers,  I  ai 
opinion  that  numerical  oaloulations  in  these  matters  are  only  too 
to  mislead  by  throwing  a  glamour  of  apparent  mathematical  acoui 
over  problems  conoeming  which  the  most  noteworthy  feature  is 
profonnd  ignorance.  As  in  so  many  questions  connected  with 
physios  of  the  earth's  crust  our  data  here  are  too  scanty  and 
indefinite  to  make  numerical  calculations  of  much  value.  Who  s 
presume  to  assign  quantitative  shares  (+or  — )to(l)  contrac 
due  to  metamorphism  in  the  solid  underlayers ;  (2)  expansioi 
the  rocks  under  increment  of  temperature;  (3)  the  formatioi 
geo-clines  by  lateral  pressure;  (4)  contraction  and  expansion 
melting  and  solidification ;  (5)  the  effects  of  pressure  on  the  water 
contained  in  the  fluid  magma ;  (6)  the  differential  load  on  a  flex 
crust?  I  for  one  will  not  It  is  presumption  enough  in  m 
have  ventured  at  all  among  the  cross-currents  of  so  difficult  a 
where  to  steer  a  mathematical  course  is  impossible,  and  the  best 
oan  hope  for  is  to  keep  one*s  craft  afloat 

m. — ^NOTS  ON   THK  StrUGTUBS  Of   THl  lOHTHAM   StONS. 
By  Paop.  T.  G.  Bonnet,  D.Sc,  LL.D.,  F.R.S.,  F.G.S. 

SOME  time  since  a  student  of  University  College,  Mr.  J.  Hal< 
Ivy  Hatch,  brought  to  me  specimens  of  an  extremely  1 
green  sandstone,  which  he  informed  me  came  from  the  Folkesi 
Sand  stage  near  Ightham,  in  Kent  As  the  microscopic  struc 
proved  rather  interesting,  I  lately  visited  the  locality  in  his  compi 
and  had  the  additional  advantage  of  being  conducted  by  Mr. 
Harrison,  of  Ightham,  so  well  known  for  his  discoveries  of  pal 
lithio  implements  axid  for  his  minute  knowledge  of  the  geolog, 
the  neighbourhood. 

The  rock  is  briefly  noticed  in  Mr.  Topley's  excellent  Sui 
Memoir  on  the  Geology  of  the  Weald,  in  the  following  terms 
140)  : — "At  Ightham,  near  the  Roman  Camp,  is  a  hard  white  sc 
stone  five  feet  thick,  a  good  deal  like  the  '  Grey  wether '  sandston 
the  Tertiary,  and  there  is  too  another  kind  of  stone,  not  obsei 
elsewhere,  a  hard  and  tough  dark  green  sandstone  or  rather  | 
This  was  not  seen  in  place,  but  on  Ightham  Common  it  is  founc 
large  masses,  and  is  there  called  Ightham  Stone  and  sometimes  F 
stone,  from  its  being  sufficiently  hard  to  strike  fire  well." 

The  white  sandstone  is  well  exposed  at  the  top  of  the  nortl 
escarpment  of  the  commanding  elevation  of  Oldbury  Hill,  and 
craggy  outcrop  forms  a  part  of  the  defence  of  the  ancient  ca 
The  rock  appeared  to  me  to  vary  in  thickness  and  to  be  somew 
lenticular  in  its  mode  of  occurrence.^  Beneath  the  camp  it  is  unt 
lain  by  soft  ferruginous  sand,  but  a  short  distance  to  the  south 
a  few  feet  below,  another  mass  of  sandstone  crops  out,  which  h 
ever  is  not  nearly  so  hard.  This  seems  to  increase  rapidly  in  th 
ness,  and  to  be  soon  full  ten  feet  thick,  and  perhaps  more.     On 

1  Mr.  Harriflon  informs  me  it  is  about  140  feet  above  the  top  of  the  Kentish ' 
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Bonth-eastem  side  of  a  little  combe  we  again  find  the  hard  white  sand- 
stone, capping  a  spur  of  the  hill,  and  about  three  yards  below  it  the 
softer  bed  crops  out.  I  have  examined  microscopically  the  hard  bed, 
which  recalled  to  my  mind,  before  I  had  read  the  passage  quoted 
above,  some  of  the  hardest '  grey  wethers.'  It  consists  almost  wholly 
of  fairly  angular  to  subangular  quartz  grains,  commonly  about 
"0125"  in  diameter,  which  are  probably  derived  firom  some  gpranitoid 
rock,  but  do  not  exhibit  any  minor  peculiarities  worthy  of  remark. 
These  are  cemented  by  secondary  quartz,  in  no  great  quantify,  which 
is  sometimes,  but  not  always,  in  perfect  optical  continuity  with 
the  original  grains,  which  often  appear  enclosed  by  coloured  rings 
when  viewed  with  crossed  Nicols ;  probably  from  causes  similar  to 
that  which  produces  them  in  separate  grains  and  chips.  There  are 
a  few  grains  showing  a  minute  chalcedonic  structure  and  one  or  two 
of  brown  or  nearly  black  iron  oxide.  Parts  of  the  slide  also  have 
a  rather  dirty  look — in  short,  the  rock  is  very  like  one  of  the  hard 
grits  or  less  perfect  quartzites  that  one  finds  among  the  older 
Palsdozoic  rocks. 

The  other  rock  mentioned  above  is  peculiar.  It  is  of  a  glaucous 
green  colour,  varying  somewhat  in  depth,  and  it  weathers  on  the 
outside  to  a  rusty  brown.  This  suggests  that  the  tint  is  due  to  a 
silicate  of  iron,  and  in  the  process  of  weathering  the  cementing 
mineral  appears  to  be  partially  removed ;  for  the  discoloured  portico, 
often  an  inch  or  so  in  depth,  is  less  solid  than  the  rest  of  the  rock. 
Occasionally  a  smooth  face  of  a  fragment — probably  an  old  divisional 
surface — has  a  kind  of  glazing  of  the  green-coloured  substance. 
The  stone  probably  occurs  in  situ  at  a  slightly  higher  level  in  the 
Folkestone  Sands  (here  about  100  feet  thick)  than  the  white  rock,  for 
shallow  pits  have  been  dug  in  search  of  it  over  the  upper  part  of 
Oldbury  Hill.^  Boulders  also  were  formerly  abundant  over  the 
surface  in  many  places,  resulting  from  past  denudation.  Some  also, 
like  erratics,  as  Mr.  Harrison  informed  me,  have  been  transported 
northward  and  eastward  for  more  than  a  mile,  and  may  be  found 
lying  on  the  lowland  of  Gault  almost  as  far  as  the  base  of  the 
escarpment  of  ihe  North  Downs.' 

The  mode  of  working  for  the  masses  of  green  rock  suggests  that, 
like  the  Sarsen-stones  of  the  Tertiary  and  the  Gomstones  of  older 
rocks,  they  are  of  concretionary  origin.  The  rock  is  not  generally 
seen  in  st/u,  but  Mr.  Hale  took  me  to  a  sandpit  where  two  masses 
were  exposed.  The  opening  was  some  20  feet  deep.  In  the  lower 
part  the  sand  was  markedly  false-bedded,  being  in  the  upper  fairly 
horizontal,  with  alternating  coarser  and  finer  bands  of  white,  pale 
red,  or  brownish  colour.  To  a  depth  of  perhaps  a  couple  of  yards 
the  usual  flaggy  masses  of  sand  cemented  by  limonite  were  common. 
The  two  blocks  of  green  '  quartzite '  were  nearly  on  the  same  level, 

^  Mr.  Harrison  informB  me  that  when  the  rock  was  extensively  worked  for  the 
Metropolitan  roads,  some  half-century  since,  it  always  occurred  in  detached  masaes, 
BO  that  the  opener  of  a  pit  might  get  sometimes  nothing,  sometimes  a  rich  xetnin,  for 
his  pains. 

'  2'he  surface  of  the  ground  at  the  Camp  is  from  ahout  600  to  600  feet^  of  the 
(hult  about  300  feet  ahoye  the  sea. 
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one  being  rather  lees  than  a  foot  in  tbiokneia,  the  other  perhaps 
abont  six  inohee,'  and  well-defined  bands  of  ironstone  extended  for 
a  foot  or  BO  below  them.  Beneath  them  oonsolidated  sand  was  rare 
or  absent  The  relation  of  these  masses  to  the  surrounding  aand 
left  DO  doabt  in  my  mind  that  they  were  of  concretionary  origin ; 
the  sand  being  cemented  by  deposition  of  secondary  silioa. 

Wbmi  examined  with  the  mioroaoope  the  graen  rock  is  found 
to  consist  almost  entirely  of  grains  of  quartz,  often  about  -02"  or 
-026"  diameter,  which  for  the  moit  part  are  remarkably  well  roonded. 
These  contain,  in  variable  number,  cavities,  generally  very  small 
and  commonly  empty,  and  occasional  microlithic  enclosnres,  such  as 
hair-like  belonites,  brownish- olive  filmH(mica  orin  some  coses  tourma- 
line?), and  occasionally  zircon.  One  grain  also  contains  a  number 
of  yellowish -brown  needles  abont  -006"  long.  The  general  aspect 
of  these  grains  leads  me  to  oonolade  that  they  have  been  derived 
from  a  granitoid  rock.  With  them  oooar  a  few  grains  of  a  chert 
(periiaps  not  generally  so  well  rounded)  varying  in  colour  from 
brown  to  oolonrlees,  and  sometimes  apparently  containing  fragments 
of  organiema.  Bounded  grains  of  limonite  also  occur  as  ia  oommon 
in  the  Folkestone  Sand.  There  are  also  a  few  fragments  distinotly 
of  OTganio  origin,  presently  to  be  described.  The  cementing  materiid 
is  chalcedonic  quartz,  the  tiny  crystals  commonly  growing  outwards 
from  each  sand-grain,  like  a  fringe,  having  a  moderately  distinct 
radial  arrangement.  The  surfaoes  of  adjacent  grains  are  rarely  qnite 
in  oontaot,  but  even  at  the  nearest  pari«  are  separated  by  a  thin 
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film  of  microcrystalline  silica.  Now  and  then  an  interspaoe  between 
the  fringes  is  occupied  by  chalcedonic  BiUca,  confusedly  arranged,  or 
more  rarely  by  limonite,  which  probably  is  associated  with  silica. 
OtNseionally  brown  films  may  be  noticed  in  the  quartz  grains  them- 
■elves,  as  though  the  limonite  had  made  its  way  into  cracks.     The 

'  Prom  their  podtianio  the  KsrpedtMe  of  theiand,  th«7  could  not  be  readied  for 
anrarunent  without  an  smoimt  of  bonbla  that  wotild  hsira  bean  irtitod. 
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lighter  varieties  of  the  rock  exhibit  under  the  miorosoope  no  indiea- 
tion  of  the  colouring  matter,  except,  perhaps,  that  the  boundary  of 
grains  appears  somewhat  more  definitely  marked  than  is  usual  in 
a  colourless  quartzite,  but  in  some  of  the  darker  specimens  a  thin 
greenish-coloured  film  can  be  detected  round  each  grain,  and  the  same 
tint  is  disseminated  through  the  microcrystalline  *  oement'  It  would 
appear  then  that  the  first  stage  of  consolidation  was  the  deposit  of 
a  film  of  iron-silicate,  minute  quantities  of  which  were  from  time  to 
time  precipitated  during  the  formation  of  the  chalcedonio  quarts. 
The  figure  represents,  somewhat  diagrammatically,  the  general 
structure  of  the  rock,  omitting  the  organisms  and  darker  grains. 

The  fragmentary  organisms  contained  in  this  rock  are  not  very 
common.  Those  which  I  have  noticed  are  not  much  larger  than  the 
■and  grains,  and  are  often  somewhat  cylindrical  in  form.  They  can 
be  readily  detected  with  a  good  lens.  With  the  exception  of  a  few 
which  resemble  Annelid  tubes,  but  may  possibly  be  inorganic,  they 
are  of  a  pale  green  colour,  and  appear  to  have  a  slightly  roughened 
surface,  one  or  two  much  resembling  bits  of  small  spines  of  an 
Echinid.  When  seen  under  the  microscope,  they  exhibit  a  peculiar 
reticulate  structure,  dark  in  colour,  with  the  interspaoes  occupied  by 
microcrystalline  silica.  I  have  no  doubt  they  are  really  ut>m  an 
Echinid,  some  being  probably  bits  of  the  test,  while  others  are  'fi:t)m 
the  spines.  One  slide  gives  a  very  good  transverse  seotion  of  a  spine 
about  *14"  in  diameter.^  I  note  also  a  longitudinal  section  of  a 
moderately  elongated  spiral  Grasteropod,  about  '25"  long,  with  one  or 
two  other  fragments,  of  the  nature  of  which  I  am  doubtfuL 

So  far  as  I  am  aware  this  oonveraion  of  a  sandstone  into  a  quartzite 
by  the  deposition  of  chalcedonio  silica  is  rare  among  the  older  rooks. 
In  my  own  researches  I  have  never  come  across  a  case,  but  Prof.  R 
D.  Irvine  mentions  its  occurrence  among  the  older  American 
quartzites,  and  figures  an  example  from  a  cherty  Potsdam  sandstone 
from  Wisconsin.'  It  occurs  also  in  the  '  Sarsen  stones '  and  in  the 
matrix  of  the  Hertfordshire  '  Puddingstone,'  but  in  all  these  cases 
(so  far  as  I  know)  the  growth  of  the  chalcedonio  silica  is  much  less 
regular  than  in  the  rock  which  I  have  described.  But  after  I  had 
examined  the  above  described  specimens,  Miss  C.  A.  Raisin,  who  at 
my  request  had  undertaken  the  investigation  of  a  parcel  of  rocks 
from  Somali-land,  found  a  very  similar  case,  which  will  be  noticed 
in  the  account  which  she  is  preparing. 


IV. — Age  op  the  Clwydian  Caves. 
By  C.  E.  Db  Range,  F.G.S.,  A.I.C.E. 

THE  following  abstracts  of  early  papers,  on  the  Cefn  Caves,  throw 
a  most  interesting  light  on  the  sequence  and  method  of  occar- 
rence  of  the  deposits  found  at  the  Tremeirchion  Caves,  which  are 

^  I  haye  to  thank  Dr.  G.  J.  Hinde  for  BpecimenB  for  comparison.  The  genot 
Fttudodiadema  and  Feltattet  seem  to  be  most  common  in  the  Upper  Neocomian  rocki 
of  England,    So  far  as  I  can  jadge,  I  should  refer  these  spines  to  the  former  gtaau. 

'  Fifth  Annoal  £eport  oi  the  U  .S.  Qc«o\.  ^\me^ ,  '^\&\a  xui. 
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four  miles  east-north-east  of  them,  and  on  the  opposite  side  of  the 
Elwj  and  Clwyd  valley. 

In  February,  1832,  the  Bev.  Edward  Stanley,  afterwards  Bishop 
of  Norwich,^  visited  tiie  Gefn  Cave,  and  found  the  bones  of  animals, 
stags'  horns,  and  a  human  skull  pieroed  with  some  sharp  implement ; 
he  was  then  shown  a  new  eave,  about  100  feet  above  the  lower  one, 
and  about  40  or  50  feet  below  the  summit;  it  was  discovered  in  cutting 
new  walks  on  the  hill-side  oonstructed  by  the  owner,  Edward  Lloyd, 
Esq.;  he  found  the  new  oave  to  have  two  distinct  entrances,  the 
western  being  full  of  bone-earth  made  of  comminuted  fragments  of 
bone,  with  numerous  large  bones  of  animals,  crushed  apparently  by 
hy»nas,  whose  teeth  were  found  to  be  numerous.  The  cave  could 
then  be  followed  a  distance  of  about  80  feet,  with  a  varying  height 
of  six  to  ten  feet ;  the  top  pottion  was  clear  of  material,  but  he 
considered  that  the  mass  of  drift  formerly  **  filled  up  every  cranny 
and  fissure  to  the  very  roof."  From  this  examination  and  another 
made  on  the  4th  of  April,  he  found  the  beds  to  consist  **  of  fine  loam, 
or  clay  of  an  ochrey  colour  and  calcareous  nature,  readily  effervescing 
with  acids ;  generally  speaking,  the  mass  is  deposited  in  horizontal 
laminad,  portions  of  which  may  be  readily  detached,  but  broken  in 
upon,  without  order  or  regularity,  by  pieces  of  limestone,  which,  from 
their  position  and  angular  form,  have  evidently  fallen  from  the  roof. 
Bones  were  numerous,  and  broken  pieces  of  hazel  or  birch  occurred."* 
Mr.  J.  E.  Bowman  '  carried  his  examination  25  feet  beyond  that  of 
Dr.  Stanley  ;  he  found  the  surface  of  the  drift  to  be  18  inches  beneath 
the  roof  of  "  the  cavern  "  (upper  cavern  of  Stanley) ;  he  infers  from 
the  trough-shaped  entrance,  and  from  the  presence  of  sand  and  gravel 
in  the  cavern,  that  "  the  cave  must  have  been  a  watercourse."  He 
found  the  section  to  be  as  follows  : — 

1.  Innumerable  laminsd  of  impalpable  mud  or  silt,  alternating 
reddish  (effervescing)  bands,  and  pale  ochreous  layers  that  do  not 
effervesce  l'-6"  to  2'-0". 

2.  Marl  or  clay  with  angular  limestone,  and  water-worn  pebbles, 
with  bones  and  teeth  a  little  way  from  the  top,  increasing  downwards 
into  a  pure  bone-earth,  containing  Hyaanas,  Bhinooeros,  etc.,  about 
two  feet. 

3.  Compact  "  diluvium  of  clay,"  with  pebbles  of  day-slates,  and 
a  few  splintered  bones,  and  stalactites,  two  feet 

4.  Coarse  and  fine  sand,  loam,  and  clay,  no  bones,  pebbles,  or  shells, 
three  feet. 

Mr.  Joshua  Trimmer,^  in  1838,  describes  in  a  paper  published  in 
full  in  1841,^  the  Cefn  Cave  as  occurring  at  the  point  in  which 
the  erratic  gravel  of  the  eastern  and  northern  side  of  the  Cambrian 
passes  into  the  district  overspread  with  detritus  from  Cumberland ; 

*  Father  of  Dr.  Stanley,  Dean  of  Westminster. 

*  Edinburgh  New  Phil.  Joom.  vol.  xiv.  p.  40-63  ;  Proc.  Geol.  Soc,  London,  vol.  i. 
p.  402  (abstract). 

>  J.  E.  Bowman,  Cefn  Bone  Caves,  Brit.  Assoc.  1836. 
^  Trimmer,  Cefn  Bone  Caves,  Brit.  Assoc.  Report  for  1838,  London,  1839. 
'  Practical  Geology  and  Mineralogy,  London,  John  W.  Parker,  West  Strand,  1841, 
p.  400,  etc. 
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in  a  gorge  of  tbe  Elwy,  a  little  above  its  junotion  with  the  CI wyd,  its 
month  being  100  feet  above  the  river  and  200  feet  above  the  sea ;  the 
cavern,  he  states,  communicates  with  the  surface  by  fissures,  which, 
like  the  surface,  are  occupied  by  Northern  Drift.  Sedimentary 
deposits  containing  bones  and  teeth  of  HysBua,  Bear,  and  Rhinoceros, 
filled  the  cavern  mostly  to  thereof;  these  were  divided  into  two  beds 
by  a  crust  of  stalagmite ;  the  lower  bed,  he  states,  **  was  below  the 
level  of  the  entrance  from  the  face  of  the  diff,  and  contains  bones 
and  teeth  enveloped  in  sediment,  and  mixed  with  smooth  pebbles 
like  those  of  the  adjacent  river,  and  fragments  of  wood."  Above 
the  stalagmite  the  upper  bed  consisted  of  '*  calcareous  loam  contain- 
ing bones  and  angular  fragments  of  limestone,  on  the  surface  of 
which,"  he  stated,  "are  sand  and  marl  containing  fragments  of 
marine  shells  like  those  dispersed  over  the  neighbouring  district 
The  sediment  within  the  cave  is  generally  finely  laminated."  The 
author  points  out  that  the  lower  bed  must  have  been  derived  from  the 
river,  when  it  flowed  at  a  different  level ;  he  states  that  marks  of  teeth 
on  the  bones  prove  the  cave  to  have  been  the  home  of  camivora,  and 
that  it  was  subaerial  for  some  time,  allowing  the  stalagmite  to  form, 
and  states,  that  Dr.  Traill  noticed  that  the  laminn  of  the  overlying 
deposit  conform  to  the  dip  of  the  limestone,  and  attributes  this  also  to 
fluviatile  action,  subsequent  to  the  marine  irruption  from  above.  Mr. 
Trimmer  illustrates  his  remarks  by  the  following  section  : 


a.  Level  of  the  entrance  of  the  cave. 

b.  Deposit  of  mad,  covered  by  stalagmite  and  containing  bones,  with  rounded 
pebbles  of  erauwacke  and  limestone  and  pieces  of  wood. 

e.  Mud,  Dones,  and  angular  fragments  of  limestone. 

d.  Sand  and  silt,  with  fragments  of  marine  shells. 

«.  A  fissure  communicating  with  the  surface. 

/.  Northern  drift  spread  over  the  surface  of  the  country. 

ff.  Portion  of  the  cave  cleared  of  mud. 

A,  River  Elwy,  100  feet  below  the  cave. 

t.  Limestone  rock. 

In  1863  the  "Qeologist"'  states  that  bones  in  the  possession 
of  Colonel  Watkin  Wynn,  discovered  in  the  Cefn  C5ave,  were 
examined  and  named  by  Dr.  Falconer,  and  found  to  belong  to 
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MephoB  aiUiquuBf  Bhinoeeros  hemiUBchua,  Bhtnoceroa  tichorhinuSf  Hip' 
popotamua  major,  Bos  sp.,  Cervus  sp.,  and  others,  and  states  that  Dr. 
Falconer  and  Professor  (now  Sir  Andrew)  Ramsay  together  dis- 
covered fragments  of  Cockles  and  other  marine  shells  in  the  clay, 
and  amongst  gravel  and  stones,  with  which  the  cave  is  filled.^  Sir 
Andrew  Hamsay  himself  refers^  to  this  discovery,  and  states  that 
the  Cefn  caves  "were  helow  the  sea  during  part  of  the  Glacial 
Epoch,  for  the  Boulder-clay  heds  reach  a  higher  level,  and  with  Dr. 
Falconer  I  found  fragments  of  marine  shells  in  the  cave  overlying 
the  detritus  t^t  held  the  bones  of  elephants  and  other  mammidia." 
No  reference  is  made  by  Dr.  Buckland,  in  the  "Reliquisd  Diluvianaa,*' 
to  the  Cefn  Cave,  but  he  quotes  Pennant  as  to  the  discovery  of  two 
molar  teeth  and  tusk  of  Mammoth  at  Halkin  Mine  at  the  mouth 
of  the  Vale  of  Clwyd,  which  was  probably  the  Talargoch  Mine,  of 
which  Dr.  Buckland  gives  the  following  section  : — 

Yds.  Ft. 

Vegetable  mould  0    2 

Clay    26    0 

Sand  and  Gravel  68    0 

Hestates  that  pebbles  of  lead  and  some  pebbles  of  copper  occurred 
in  the  gravel,  and  that  horns,  teeth,  and  bones  of  Mammals  occurred 
at  from  40  to  70  yards  from  the  surface,  and  also  in  the  bottom  bed 
resting  on  the  subjacent  rock. 

Mr.  Mackintosh^  found  the  ''sand  with  minute  fragments  of  sea 
shells,  still  adhering  to  one  side,  of  a  rising  branch  **  of  the  cavern 
''ascended  by  steps."  On  the  22nd  of  May  last  Mr.  Bouverie 
Luxmoore,  F.G.S.,  and  the  writer,  found  this. bed  still  visible, 
fragments  of  Tellina  Balihica  being  determinable. 

From  these  observations  it  is  obvious  that  the  bones  discovered 
belonged  to  Mammals,  who  lived  before  the  filling  up  of  the  Yale  of 
Clwyd,  and  the  sealing  of  its  cavern  by  Glacial  Drift. 


Y. — Notes  on  the  Igneous  Eogks  of  the  Lleyn  P&omontoby. 

By  J.  Vincent  Elsdbn,  B.Sc.  (Lond.),  F.C.S. 

MANY  of  the  rocks  of  this  district  have  been  already  described 
by  the  late  Mr.  E.  B.  Tawney,  in  a  series  of  papers  entitled 
"  Woodwardian  Laboratory  Notes,"  contributed  to  the  Geolooigal 
Magazine  a  few  years  ago.  The  following  additional  remarks  are 
to  a  certain  extent  supplemental  to  the  above-mentioned  papers,  and 
are  founded  on  a  microscopical  examination  of  a  large  series  of  rocks, 
collected  some  few  years  ago  during  a  brief  visit  to  the  Lleyn 
district 

Commencing  at  the  extreme  end  of  the  promontory,  we  find  around 
Aberdaron  three  or  four  masses  of  intrusive  rock,  which  are  described 
in  Mr.  Tawney*s  paper  as  diabase,  containing  plagioclase  often  full 
of  greenish  micro! ites,  augites  in  small  quantity,  of  corroded  outline 
and  much  altered  into  viridite,  and  a  large  quantity  of  black  iron- 

^  Dr.  Murchison  states  Dr.  Falconer's  visit  was  in  August,  1859. 

<  Physical  Geology  and  Qeography  of  Great  Britain,  p.  462,  5th  edition. 

»  Q.J.G.S.,  1876. 


804        J.  V.  JEbden— Igneous  Bocks  of  Lleyn,  N.  Wales. 

oxide,  both  magnetite  and  ilmenite.'  His  speoimens  were  selected 
from  Fen-y-cil,  Aberdaron  quarry  and  Tynrhedyn,  8.  of  Llanfaelrhys, 
and  to  his  description  of  these  rocks  I  find  nothing  to  add,  with  tiie 
exception  that  one  of  my  rocks  taken  from  Pen-y*dre,  close  to 
Aberdaron,  contains  a  much  larger  quantity  of  augitCi  in  well-defined 
crystals. 

The  small  isolated  patches,  lying  to  the  North  of  Aberdaron,  and 
coloured  as  serpentine  on  the  Survey  map,  are  not  described  in  Mr. 
Tawney's  paper.  I  obtained  specimens  of  these  so-called  serpentines 
from  Hendrefor,  Ty-hen  and  Methlan.  The  rock  from  the  last- 
mentioned  locality  appears  under  the  microscope  to  consist  of  a  net- 
work of  plagioolase  crystals,  sometimes  polarising  brilliantly,  but 
generally  clouded  with  minute  enclosures  and  decomposition  pro- 
ducts. The  felspars  are  seen  penetrating  plates  of  augite,  with 
brilliant  polarisation  colours.  The  whole  rock  is  traversed  by  veins 
of  serpentinous  substance,  and  there  are  many  patches  of  viridite. 
Biotite  is  sparingly  represented  and  probably  of  secondary  origin. 
Titaniferous  iron,  mostly  decomposed  into  leucoxene,  is  present,  and 
some  bronze  crystals  of  pyrite  are  seen  by  reflected  light  Although 
there  is  far  more  serpentinous  and  viriditic  matter  than  in  the'rodu 
of  Aberdaron,  iron  separation  has  been  less  extensive. 

The  specimen  from  Ty-hen  is  finer-grained,  and  the  felspars  muoli 
more  decomposed.  The  interspaces  are  chiefly  filled  with  green 
fibrous  viridite,  with  aggregate  polarisation.  There  is  but  little  fresh 
augite,  and  a  good  deal  of  titaniferous  iron  generally  altered  into 
grey  opaque  leucoxene.  Some  threads  of  serpentinous  substance 
also  occur,  and  a  little  secondary  biotite.  Two  specimens  taken  from 
the  extreme  margins  of  these  small  bosses  are  interesting  examples 
of  contact  metamorphism.  The  felspar  crystals  become  very  minute, 
probably  owing  to  more  rapid  consolidation,  and  portions  of  the  sur- 
rounding sedimentary  rock  appear  entangled  in  a  confused  way  with 
the  igneous  matter. 

Macroscopically  these  rocks  are  greenish-looking  and  sufficiently 
soft  and  serpentinous  to  account  for  the  Survey  colouring.  They  do 
not  differ  much,  however,  from  the  diabases  around  Aberdaron, 
except  in  their  more  pronounced  viriditic  decomposition. 

We  come  now  to  the  large  mass  of  igneous  rock  extending  from 
Hynydd  Fenarfynydd  on  the  south  to  Mellteym  on  the  north.  The 
rocks  of  this  area  are  especially  interesting  on  account  of  their  variety. 
Thus  the  western  slopes  of  the  Fenarfynydd  ridge,  as  shown  by  Mr. 
Tawney,  are  of  olivine  diabase,  which  he  considered  to  be  a  dyke 
intrusive  in  the  homblendio  diabase  of  which  the  rest  of  the  ridge 
is  composed.  It  must  be  mentioned  also  that  Mr.  Tawney  was 
unsuccessful  in  his  attempt  to  discover  the  locality  from  which 
Sedgwick  procured  his  specimen  of  hornblende  picrite  in  this  vicinity. 
The  specimens  of  hornblende  diabase  described  in  ''  Woodwardian 
Laboratory  Notes"  were  taken  one  from  Gareg  Llefain,  and  the 
other  from  near  Flas  Rhiw. 

My  first  specimen,  in  connexion  with  this  area,  was  taken  from 
'  GsoLOOiCAL  Maqazix^  \^^Q,  I)«cadA  II.  Vol.  YII.  p.  214. 
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ibe  northern  flank  of  Mynydd-y-Graig,  about  midway  between  these 
last-named  looalities.  In  this  rook  plagioclase  is  abundant,  but 
rather  decomposed.  The  extinction  angle  is  rather  large,  corre- 
sponding to  anorthite.  Some  crystals  look  like  orthoclase  twinned 
on  the  Carlsbad  type,  but  are  shown  by  their  symmetrical  extinction 
of  about  33^  to  the  trace  of  the  twinning  plane  to  be  plagioclase. 
The  augite  is  sometimes  tolerably  fresh,  extinguishing  perfectly, 
but  other  crystals  show  aggregate  polarisation.  It  is  often  inter- 
penetrated by  felspar,  and  the  margins  are  developed  into  strongly 
dichroic  brown  hornblende.  A  brownish  granular  substance  is  often 
arranged  in  bands  across  the  cleavage  directions,  and  sometimes 
there  are  inclusions  of  hornblende.  There  is  also  a  good  deal  of 
flbrous  yellowish  green  viriditic  substance,  resulting  probably  from 
the  decomposition  of  augite  and  hornblende.  In  one  case  lines  of 
opaque  granular  decomposition  product  intersect  at  the  characteristic 
prism  angle  of  augite. 

At  Treheli  the  same  general  characteristics  are  noticed.  Under 
the  microscope  the  plagioclase  is  seen  to  be  abundant,  but  rather 
decomposed,  Where  polarisation  colours  are  still  given,  the  ex- 
tinctions are  apparently  not  so  high  as  in  the  last-mentioned  speci- 
men. The  augite  is  also  not  so  fresh  :  it  occurs  in  irregular  masses, 
often  developed  into  hornblende.  Some  crystals  have  a  central 
patch  of  decomposition  product,  giving  aggregate  polarisation,  the 
margins  extinguishing  perfectly.  In  other  cases  the  margins  are 
decomposed  and  the  centre  fresh.  Large  masses  of  a  clear  pale 
yellow  substance,  with  granular  patches  here  and  there,  show  between 
crossed  Nicols  a  central  dark  patch,  changing  but  little  on  rotation, 
surrounded  by  densely  interlacing  fibrous  crystals,  with  brilliant 
aggregate  polarisation  and  feebly  pleochroic.  These  fibrous,  tufted 
crystals  occur  chiefly  at  the  junction  of  hornblende  and  augite.  The 
hornblende  is  much  less  altered  than  the  augite,  many  of  the  viridite 
patches  being  fringed  by  perfectly  fresh-looking  hornblende. 
Original  magnetite  seems  scarce,  but  lines  of  secondary  oxide  of 
iron  often  mark  the  boundaries  of  augite  crystals,  the  interior  being 
occupied  by  viridite. 

North  of  the  road  near  Tyganol-bwlch-y-rhiw,  we  begin  to 
approach  the  so-called  Hhos  Hirwaun  syenite,  and  here  the  rock 
undergoes  considerable  change  in  character.  The  felspar  is  here 
very  opaque,  and  often  encloses  green  microliths.  The  augite  seems 
to  be  nearly  all  converted  into  viridite,  which  is  interpenetrated  by 
the  felspars.  Even  the  apparently  unaltered  fragments  give  aggre- 
gate polarisation.  Quartz  is  fairly  abundant  in  crystals  and  irregular 
grains,  and  generally  contains  enclosures  of  apatite  needles,  as  well 
as  cloudy  patches  of  fluid  and  gas  cavities.  No  hornblende  can  be 
detected;  but  there  are  a  few  ill-defined  flakes  of  brown  mica. 
There  is  a  fair  quantity  of  magnetite,  and  some  ilmenite,  partly 
converted  into  leucoxene.  This  rock  appears  to  be  a  quartz-diabase, 
but  a  comparison  would  be  interesting  with  the  diabase  of  Gastell 
Carron,  about  two  miles  north  of  this  point,  in  which  Tawney  recog- 
nized quartz  of  secondary  origin. 
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Immediately  around  Mejllteym  we  find  the  whole  rook  oonsist- 
ing  of  a  network  of  felspar  prisms,  generally  rather  turbid,  the 
interspaces  being  filled  with  augite  in  every  stage  of  deoompositioa 
into  viridite.  In  one  specimen  not  a  fragment  of  unaltered  augite 
remains,  while  in  others  some  crystals  are  still  very  fresh,  polarisiDg 
brilliantly  and  extinguishing  perfectly.  One  large  patch  of  viridite 
has  at  its  two  extreme  ends  two  small  portions  of  still  unaltered 
augite,  which  extinguish  simultaneously,  as  if  originally  portions  of 
one  and  the  same  crystal.  Magnetite  is  not  very  abundant,  and 
generally  of  secondary  origin,  forming  imperfect  skeletons  of  augite 
crystals.  There  is  a  fair  quantity  of  ilmenite,  but  much  decomposed 
into  leucoxene,  and  pyrites  is  sparingly  present. 

It  now  remains,  before  leaving  this  tract  of  igneous  rock,  to  men- 
tion the  so-called  Rhos  Hirwaun  syenite,  which  is  mapped  by  the 
Survey  as  occurring  in  two  isolated  patches.  It  has  been  shown  by 
Mr.  Tawney  that  the  boundaries  of  these  patches  are  incorrectly 
mapped,  for  he  describes  specimens  from  Pen-y-gopa  and  Penllech 
(within  the  greenstone  area)  which  should  belong  to  the  so-called 
syenite,  while  the  rock  of  Clip-y-Cilfinhir  is  in  reality  a  diabase.* 
The  rock  of  Pen-y-gopa  differs  from  that  of  Ty-mawr,  described  by 
Prof.  Bonney,^  in  containing  hornblende  and  but  little  mica,  and  is 
described  as  homblendic  gneiss.  The  specimen  about  to  be  described 
is  taken  from  quite  the  other  side  of  the  main  mass  of  this  rock, 
from  near  Pen-y-bont,  close  to  LlangwnadL  In  the  hand  specimen 
this  rock  is  an  exceedingly  tough  fine-grained  dark  green  homblendic 
rock,  traversed  by  fine  veins  of  lighter  green  and  speckled  with 
small  grains  of  quartz  and  felspar.  [Jnder  the  microscope  the  rook 
is  seen  to  consist  chiefly  of  dark  greenish-brown  hornblende,  with 
characteristic  cleavage  and  strongly  dichroic  where  fresh,  but  the 
dichroism  decreases  rapidly  with  alteration,  and  it  ultimately  passes 
into  a  chloritic  pseudomorph.  The  felspar  is  generally  turbid,  but 
here  and  there  shows  the  chai-acteristic  twinning  of  plagioclase. 
Some  orthoclase  is  also  recognizable.  The  quartz  is  almost  indis- 
tinguishable from  the  felspar  except  in  polarised  light,  and  is 
generally  turbid  with  a  multitude  of  minute  cavities.  A  few  crystals 
of  magnetite  and  some  pyrites  are  present. 

On  the  whole  this  rock  bears  a  much  closer  resemblance  to  the 
Pen-y-gopa  specimen  than  to  that  of  Ty-mawr,  but  there  seems  to  be 
scarcely  sufficient  trace  of  foliation  to  entitle  it  to  be  classed  as 
homblendic  gneiss. 

Between  Llanengan  and  Llangian  are  two  small  greenstone  areas 
not  touched  in  Mr.  Tawney's  paper.  At  Pen-y-gaer  quite  half  this 
rock  appears  to  consist  of  felspar,  but  much  decomposed.  The 
felspars  form  a  network,  filled  up  by  augite,  which  it  also  penetrates 
deeply.  The  augite  is  brownish,  with  much  iron  separation  along 
the  cleavage  cracks,  and  sometimes  the  whole  crystal  is  rendered 
opaque  from  this  cause.     Scarcely  any  of  the  augite  extinguishes 

*  Geological  Magazine,  Vol.  X.  p.  68. 
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completely  between  crossed  Nicols.  There  is  a  good  deal  of  strongly 
diohroio  hornblende,  sometimes  intergrown  with  the  augite,  at  other 
times  in  detached  crystals.  It  generally  polarises  more  brilliantly 
and  extinguishes  more  thoroughly  than  the  augite.  Yiridite  patches 
are  abundant,  and  a  little  secondary  quartz  occurs.  Most  of  the  iron 
oxide  shows  the  grey  decomposition  product  of  ilmenite,  but  some 
pyrites  is  to  be  noticed.  The  same  rock  near  Llangian  is  much  more 
decomposed,  the  felspars  being  quite  opaque  and  much  viridite  and 
opaque  ferric  matter  present.  Some  of  the  viridite  tracks  appear  to 
have  outlines  of  augite  crystals ;  one  looking  like  an  orthodiagonal 
section  gave  an  angle  of  135^,  which  nearly  corresponds  to  the  angle 
between  oo  P  and  oo  P®  oo  (clinopioacoid)  in  augite.  Small  quartz 
fissures  traverse  the  rock. 

We  now  pass  to  the  large  patch  coloured  as  porphyry  on  the 
Survey  Map,  lying  between  Llaubedrog  and  Capel  Ceidio.  The 
southern  portion  of  this  area  consists  chiefly  of  quartz- fel site,  and  at 
Pig  Street,  Mr.  Tawney  described  a  volcanic  ash.  I  find  a  coarse 
tuff  on  the  south  side  of  Mynydd  Mynytho,  and  a  similar  kind  of 
rock  to  the  north  of  Madryn,  at  Y  Gledrydd.  My  other  specimens 
from  this  area  do  not  differ  essentially  from  those  already  described 
in  Woodward ian  Laboratory  Notes.* 

The  Boduan  mass  of  porphyrite  is  described  from  several  localities 
in  Mr.  Tawney's  paper.  I  will  only  add  one  more  description  of  a 
rock  taken  from  the  extreme  south  side,  near  the  village  of  Boduan. 
The  rock  here  is  much  decomposed;  the  ground-mass  is  micro- 
crystalline,  consisting  of  small  felspar  prisms,  which  from  the  small 
extinction  angle  is  possibly  oligoclase.  Precise  determination  of  the 
larger  felspars,  which  occur  porphyritically,  is  difficult  owing  to 
decomposition,  but  no  orthoclase  can  be  recognized  with  certainty. 
There  is  some  glassy  base  between  the  crystals.  A  few  magnetite 
grains  and  a  good  deal  of  opaque  ferric  matter  occur  throughout. 
No  trace  of  hornblende  remains,  although  a  few  feebly  dichroic 
chloritic  pseudomorphs  are  to  be  seen.  This  rock  differs,  therefore, 
from  that  of  Corn  Boduan. 

Approaching  Nevin  the  character  of  the  rock  changes  considerably. 
I  give  a  description  of  the  rock  near  Nevin,  which  much  resembles 
that  described  by  Mr.  Tawney  as  probably  coming  from  Moel  Gwyn, 
and  which  he  classes  as  epidiorite.  The  large  felspars  are  much 
decomposed,  but  are  apparently  triclinic :  they  are  generally  filled 
with  a  fine  granular  substance,  and  sometimes  crowds  of  colourless 
microliths  are  visible  with  crossed  Nicols.  The  ground-mass  consists 
chiefly  of  quadrangular  sections,  with  nearly  parallel  extinction, 
corresponding  to  oligoclase.  Hornblende  is  present  in  detached 
crystals,  which  gradually  lose  their  fibrous  structure  and  dichroism 
and  pass  into  chloritic  pseudomorphs.  A  few  remnants  of  augite 
are  visible.  Magnetite  is  abundantly  associated  with  the  decom- 
posing hornblende,  and  there  are  some  opaque  rhombohedral  crystal 
of  ilmenite. 

^  Geological  Maoazixb,  Vol.  X.  p.  70. 
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We  DOW  come  to  the  so-called  serpentine  of  Forth  Dinlleyn, 
described  by  Prof.  Bonney  in  Q.J.G.S.  vol.  zxxvii.  p.  48,  and  iden- 
tified as  altered  diabase-tufis,  decomposed  diabases  and  basalts.  His 
specimens  were  selected  exclusively  from  the  eastern  side  of  the 
])enin8ula.  I  therefore  proceed  to  the  west  side  of  the  promontory. 
Near  the  "  Ancient  Fortress  "  the  rock  appears  to  be  a  true  diabase, 
and  shows  under  the  microscope  a  network  of  felspar,  too  clouded 
for  determination  of  extinction  angles.  Strings  of  serpentinous 
matter  and  a  good  many  viridite  patches  are  scattered  through  the 
slide.  Pale  brownish  augite  occurs  in  small  crystalline  grains  still 
polarising  brilliantly.  The  opaque  bodies  are  not  abundant,  and 
seem  to  consist  entirely  of  magnetite  and  some  pyrites.  A  little 
further  south  the  rock  is  very  similar  to  the  above.  About  half  the 
slide  consists  of  prisms  of  felspar,  sometimes  polarising  brilliantly, 
but  generally  decomposed.  The  extinctions  are  at  a  somewhat  high 
angle  to  the  trace  of  the  twinning  plane.  Some  of  the  felspars  are 
porphyritic,  with  broken  outlines.  Augite  is  sparingly  represented 
in  detached  grains  and  crystals,  rather  deeply  coloured,  and  showing 
marked  pleochroism.  A  good  deal  of  greenish  decomposition  product 
occurs  between  the  felspar  crystals,  and  magnetite,  ilmenite  and 
some  pyrites  are  scattered  throughout.  Apatite  needles  and  a  little 
biotite  also  occur  here.  Some  of  the  felspars  show  a  tendency  to 
to  saussuritic  decomposition,  giving  aggregate  polarisation,  and 
greenish  alteration  products  with  some  epidote. 

Still  further  south  the  rock  becomes  more  serpentinous  in  appear- 
ance, and  under  the  microscope  more  than  half  the  slide  is  seen  to 
consist  of  bright  green  serpentine,  the  remainder  being  an  opaque, 
greyish  substance,  interpenetrated  everywhere  by  serpentinoas 
matter.  Patches  of  calcite  abound,  and  threads  of  the  same  mineral 
traverse  the  serpentine.  Innumerable  bands  of  dark  granular 
matter,  in  more  or  less  wavy  parallel  lines,  occur  throughout  These 
under  higher  powers  transmit  feeble  brownish  colours,  and  have  the 
appearance  of  picotite.  This  is  so  far  as  I  know  the  only  instance 
of  the  occurrence  of  a  rock  approaching  the  character  of  true  serpen- 
tine in  Lleyn.  The  arrangement  of  the  opaque  bands  is  not  such 
as  to  recall  the  **  maschen  structur "  of  peridotic  serpentines,  but 
possibly  as  my  specimen  was  taken  from  the  junction  of  the  rock, 
we  may  have  here  the  results  of  contact  metamorphism  of  the  sur- 
rounding schists. 

The  greenstone  dykes  of  Porth-wen  appear  to  be  chiefly  dolerite, 
Under  the  microscope  the  rock  appears  to  be  crowded  with  lath- 
shaped  crystals  of  felspar,  no  longer  polarising  in  very  bright  colours. 
A  good  deal  of  viridite  and  some  biotite  are  present.  Olivine  crystals 
are  almost  entirely  altered,  but  are  still  recognizable.  Augite  also 
remains,  but  generally  very  opaque,  from  iron  separation.  A  good 
deal  of  secondary  calcite  is  seen,  as  well  as  magnetite  and  pyrites. 
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VI. — NoTS  ON  THE  Classification  of  the  Ichthtoptbbygia  (with 

A  Notice  of  Two  New  Species). 

By  B.  Ltdbkxbb,  B.A.,  F.G.S.,  etc. 

HAYING  devoted  several  weeks  to  the  study  of  the  magnifioent 
oollection  of  the  remains  of  Ichthyopterygians  preserved  in 
the  British  Maseum  (Natural  History),  I  purpose  on  this  occasion  to 
give  a  brief  notice  of  some  of  the  conclusions  at  which  I  have  arrived, 
since  a  considerable  interval  will  elapse  before  the  publication  of  that 
part  of  the  Museum  "  Catalogue  of  Fossil  Beptilia  "  in  which  my 
observations  will  be  more  fully  recorded. 

Exclusive  of  the  genus  Cetarihrosaurus,  which  is  referred  by  Mr. 
Hulke  toih^Mosasaurida,  fourgeneraof  Ich  thy  op  terygia  have  hitherto 
been  described ;  viz.  OphthalmosauruSy  Seeley,  Baplanodon  (SauraU' 
odon)y  Marsh,  IchthyosavrtUy  Eonig,  and  Mizoaaurus,  Baur.  Since, 
however,  there  appear  to  be  no  characters  b}''  which  Baptanodon  can  be 
generically  separated  from  OphthalmoaauruSf  1  am  inclined  to  follow 
the  suggestion  made  by  Dr.  Baur,  and  unite  the  two ;  thus  reducing  the 
number  of  genera  to  three.  With  regard  to  Ichthyoaaurus,  it  has  been 
suggested  by  more  than  one  writer  that  this  genus  is  susceptible  of 
division  into  two  or  more  genera ;  and  there  is  much  to  be  said  for  this 
view,  since  there  is  an  extraordinary  amount  of  structural  difiference 
between  many  of  the  forms.  If,  however,  the  species  be  arranged 
in  their  natural  relationship,  which  corresponds  to  a  great  extent 
with  their  distribution  in  time,  it  will  be  found  that  these  distinctive 
oharacters  tend  to  shade  more  or  less  completely  into  one  another* 
Since,  moreover,  the  skulls  of  all  the  species  seem  to  be  so  nearly  alike 
in  general  structure  that  it  is  very  improbable  that  good  generic 
characters  could  be  drawn  from  them,  I  have  come  to  the  conclusion 
that  it  will  be  more  convenient  to  the  palaeontologist,  and  most 
certainly  to  the  pure  geologist,  to  retain  the  genus  in  its  original 
wide  sense.  I  intentionally  use  the  term  convenient  in  this  con- 
junction because  I  am  glad  to  see  that  Prof.  Flower,*  in  his  recently 
published  memoir  on  the  Liberian  Hippopotamus,  has  expressed  his 
opinion  very  clearly  that  the  restriction  or  multiplication  of  generic 
terms  is  purely  and  simply  a  matter  of  convenience ;  and  that  their 
multiplication  rather  tends  to  make  us  lose  sight  of  the  mutual 
relationship  of  allied  forms.  I  am  further  convinced  of  the  advisa- 
bility of  retaining  the  original  use  of  the  term  Ichthyosaurus,  because 
if  we  once  begin  to  subdivide  it,  it  will  be  almost  impossible  to 
know  where  to  stop. 

Dr.  Baur,  who  adopts  the  view  of  the  advisability  of  splitting  up 
the  type  genus,  makes  the  three  above-mentioned  genera  the  types  of 
three  distinct  families  ;  but  if  the  term  Ichthyosauiiis  be  employed  in 
the  sense  indicated  above,  it  appears  to  me  that  the  whole  three 
genera  may  be  conveniently  included  in  a  single  family — the  Ichthyo- 
saurida. 

The  last-mentioned  writer  has  shown  very  clearly  that  while 
Ichthyosaurus  occupies  the  middle  position,  Ophthalmosaurus  is  the 

1  P.Z.S.  1887,  p.  614. 
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most,  and  Mixosawna  the  least,  specialized  genus ;  and  I  find  tbat 
while  among  the  Liassic  species  IchihyoBauruB  communU  in  the 
structure  of  its  limbs  makes  the  nearest  approach  to  Ophihalmoswirus^ 
I.  ienuirostrxB  and  its  allies  are  the  forms  most  nearly  allied  to  Mixo- 
saurus.  Now  the  pectoral  limb  of  the  generalized  J.  tentdrostrit 
having  only  four  digits,  while  in  the  more  specialized  species  the 
number  is  greatly  increased,  it  may  be  inferred  that  Ichthyosaurs 
have  descended  from  a  tetradaotylate  ancestor,  or  at  least  that  only 
four  digits  have  been  primarily  modified  into  the  Ichthyosaurian 
paddle.  A  comparison  of  the  pectoral  limb  of  J.  tenuirostrii  with 
that  of  Chelydra  has  moreover  led  me  to  conclude  that  the  four  digits 
there  found  correspond  to  the  2nd,  Srd,  4th,  and  5th. of  the  typical 
manus  ;  the  3rd  arising  in  the  same  way  from  the  intermedium,  and 
the  4th  and  5th  conjointly  from  the  ulnare.  The  primary  grouping 
of  the  genus  which  I  have  adopted  is  mainly  based  upon  the  simpler 
or  more  complex  structure  of  the  pectoral  limb ;  and  I  may  add  that  in 
those  forms  where  the  original  four  digits  have  become  split  up  it  is 
evident  that  the  presence  of  two  centralia  in  the  carpus  is  an  acquired 
and  not  an  inherited  character.  This  classification  is  in  the  main  a 
modification  of  the  one  proposed  by  A.  Wagner,  and  subsequently 
extended  by  Col.  Eiprijanoff  in  the  Memoirs  of  the  St  Petersburg 
Academy  for  1881.  It  is  briefly  summarized  in  the  following  table, 
which  contains  a  synopsis  uf  all  the  named  species  with  which  I  am 
acquainted.  The  specific  names  applied  by  Hawkins  to  several  of 
the  English  Liassic  species  are,  however,  omitted.  In  oases  where 
the  generic  position  of  species  is  uncertain  a  note  of  interrogation  is 
placed  after  the  generic  name ;  and  when  the  serial  position  is  pro- 
visional an  asterisk  is  prefixed  : — 

I.  Qenus    Ophthalmosaurus,    Seeley    {Baptanodon  =  Sauranodon, 

Marsh). — Humerus  articulating  distally  with  three  bones. 

1.  Ophthalmosaurus  ioemicus,  Seeley.     Oxford  and  Eimeridge 

Clays,  England. 

2.  Ophthalmosaurus NATAKS (Marsh).  TJp.Jurassic, N.America. 

3.  „  DISCUS  (Marsh).       „         „  „ 

4.  „  GANTABRiQiEMsis,  u.sp.  uohts.    Cambridge, 

Greensand. 

II.  Genus  Iohthyosaurus,  Eonig. — Humerus  articulating  distally 

with  only  the  radius  and  ulna,  which  are  short  and  in  close 

apposition. 
A.  Latipinnate    Group, — Pectoral  limb  with  the  third  digit  (that 

arising  from  the  intermedium)  containing  two  longitudinal 

rows  of  bones  and  two  centralia ;  radius  very  short,  with 

entire  anterior  border, 
a.  Campylodont  Bubgroup. — Roots  of  the  teeth  enveloped  in  cement ; 

humerus  with  prominent  trochanteric  ridge, 
o.  Femur  very  short,  with  trochanteric  ridge  enormously  developed. 

5.  Iohthyosaurus  oampylodon,  Carter.  Up.  Cretaceous,  Europe. 
^6.  „  iNDious,  nobis.     Up.  Cretaceous,  S.  India. 
*7,               „             Strombecki,  Meyer.  Neocomian,  N.  Germany. 
*8.               „  POLipmouoiiO^,  lLoV«ii»    "^^^ya^mian.  North 
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)3.  Femur  longer,  with  trochanteric  ridge  less  developed. 
*9.  I0HTHTO8ATJKU8  (?)  ovALis,  Phillips.     Kimeridge  Clay,  Eng. 
*10.  „         (?)  THYBEO8PONDYLD8,  Phillips.  Kimeridge  Clay, 

England. 
Syn.  (?)  I.  brachyapondylus,  Owen. 
(?)  L  thyreo8pondylu8,  Owen. 

11.  Ichthyosaurus  leptospondylus,  Wagner.      Eimeridgian, 

Bavaria. 

12.  Ichthyosaurus  entheciodon,   Hulke.      Kimeridge    Clay, 

England. 

13.  Ichthyosaurus  tbigomus,  Owen.    Kimeridge  and  Oxford 

Clays,  England. 

Syn.  (?)  J.  potthwmfu,  Wagner.    Eimeridgian,  Bavaria. 

*14.  Ichthyosaurus  (?)  dilatatus,   Phillips.    Kimeridge    and 

Oxford  Clays,  England. 
*15.  Ichthyosaurus  hildesibhsib,   Koken.    Neooomian,  North 

Germany. 
b.  Typical  subgroup. — Boots  of  the  teeth  without  cement ;  humerus 
without  prominent  trochanteric  ridge. 

16.  Ichthyosaurus  communis,  Conybeare.    Low.  Lias,  England. 

17.  „  BREViCEPS,  Owen. 

18.  „  CoNYBEARi,  n.sp.,  nohts.       „ 

19.  ,,  iNTERMEDius,  Conybcare. 

B. — Longtpinnate  Group. — Pectoral  limb  with  the  third  digit  con- 
taining one  longitudinal  row  of  bones  and  a  single  centrale ; 
radius  nearly  square,  and  usually  with  notched  anterior 
border. 

a.  Acutirostrine  subgroup. — Teeth  small  and  cylindrical,  coraooid 
without  posterior  notch  ;  head  of  humerus  oblong. 

20.  Ichthyosaurus  integer,  Bronn.     Up.  Lias,  Wiirtemberg 

and  (?)  England. 

21.  Ichthyosaurus  aoutirostris,  Owen.     Up.  Lias,  Europe. 

Syn.  J.  longipennisy  Man  tell. 
I.  microdon,  Wagner. 
J.  qitadriscisBUSf  Quenstedt 
J.  Zetlandicus,  Seeley. 
I.  longifrona,  Owen. 
6. — Tenuiroatrine  subgroup. — Teeth  small  and  cylindrical ;  coracoid 
with  posterior  notch ;  head  of  humerus  triangular. 

22.  Ichthyosaurus  tenuirostris,  Conybeare.    Lias,  Europe. 

Syn.  I,  grandipes,  Sharpe. 

23.  Ichthyosaurus  latifrons,  Konig.     Lias,  England. 

Syn.  I.  longirostriSf  Owen. 
(?)  J.  longirostriSf  Jager. 
e.  Plaiyodont  subgroup. — Teeth  large,  either  cylindrical  or  cari- 
nated ;  coracoid  without  posterior  notch ;  head  of  humerus 
triangular. 

24.  Ichthyosaurus  lonohiodon,  Owen.     Low.  Lias,  England. 

25.  „        „  PLATYODON,  Conybeare.   Low.  Lias,  England. 

BjD,  lehthyosauruB  ^'yanteus,  LeaoK 
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26.  loHTHYOSAUBUS  TBiQOKODOK,  TheodorL    Up.  Lias,  BaTaria. 
III.  Genus  Mixosaubus,  Baur.      Humerus   articulating   with   the 

radius  and  ulna,  which  are  elongated  and  separated  by  aa 
interval. 

27.  MixosAUBUS  coBNALiANUS  (Bssani).     Up.  Lias,  Italy. 

Syn.  Ichthyosaurus  comcUianus,  Basani. 

The  forms  indicated  by  the  under- mentioned  names  cannot  be 
classified,  and  it  is  probable  that  several  of  them  are  synonyms  of 
those  already  mentioned. 

28.  Ichthyosaurus  aqualis,  Phillips.     Eimeridge  Clay,  England. 

angvstidens,  Seeley.     Up.  Chalk,  England. 
(?)  atavus,  Quenstedt    Mid  Trias,  Grermany. 
australis.  Hector.    (?)  Trias,  New  Zealand. 

(?)  =  Mixosaurfis. 
calorodtrus,  Seeley.  Eimeridge  Clay,  England. 
(?)  carinatus,  Sauvage.     Up.  Trias,  France. 

?  =:  Mixosaurus, 
eoniformis,  Harlan.     ?  Lias. 
crassieostatus,  Theodori.     Up.  Lias,  Bavaria. 
gaudensis,  Hulke.     Reputed  Miocene,  Malta. 
hexagonus,  Theodori.     Up.  Lias,  Bavaria. 
hygrodirus,  Seeley.    Eimeridge  Clay,  England. 
ingenSf  Theodori.     Up.  Lias,  Bavaria. 
macrophthalmus,  Theodori.    Up.  Lias,  Bavaria. 
megalodirus,  Seeley.     Oxford  Clay,  England. 
Nordenskidldi,  Hulke.   Trias  (?),  Spitzbergen. 
planarius,  Theodori.     Up.  Lias,  Bavaria. 
polariSf  Hulke.     Trias  (?),  Spitzbergen. 
(?)  rhettctia,  Sauvage.     Up.  Trias,  France. 

(?)  =  Mixosaurus, 
triscissus,  Quenstedt    Up.  Lias,  Wiirtemberg. 
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The  name  J.  lattmanuSf  as  will  be  noticed  below,  must  be  discarded. 
The  names  L  Bonneyif  I.  Doughtyt,  cmd  I.  platymerus,  Seeley,  and 
J.  advenuSy  Phillips,  are  merely  MS.  ones;  the  first  three  being 
applied  to  specimens  from  the  Cambridge  Greensand,  and  the  fourth 
to  vertebraB  from  the  Stonesfield  slate.  I.  Walkeri,  Seeley,  has  been 
made  the  type  of  Cetarthrosaurus, 

In  regard  to  the  two  new  species  above  mentioned  Ophthalmosaurus 
cantabrtgiensis  is  founded  on  a  small  humerus  from  the  Cambridge 
Greensand  in  the  British  Museum  (No.  43989),  which  differs  from 
that  of  0.  icenicus  in  having  the  three  distal  facets  of  nearly  equal 
dimensions.  The  name  Ichthyosaurus  Conyheari  is  applied  to  an 
imperfect  skeleton  of  a  small  Ichthyosaur  in  the  same  collection  (No. 
88523)  from  the  Lower  Lias  of  Lyme-Regis,  which  differs  from 
J.  communis  in  the  notching  of  the  anterior  border  of  some  of  the 
phalangeals  of  the  pectoral  limb,  and  in  the  relatively  longer  skull ; 
while  it  is  distinguished  from  I.  intermedius  by  the  greater  width  of 
^  ibe  pelvic  limb.     It  is  possible  that  J.  latimanus,  Owen,  may  he 
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identical  with  this  form,  but  since,  as  I  shall  show  on  a  subsequent 
occasion,  that  species  appears  to  have  been  founded  by  mixing  up 
the  oharacters  of  two  specimens,  which  are  apparently  specifically 
distinct,  the  name  must  be  abolished. 

It  is  not  improbable  that  one  or  more  of  the  Eimeridgian  species 
mentioned  in  the  Campy lodont  subgroup  may  be  referable  to  OphthaU 
mo$auru8,  and  I  think  there  is  considerable  probability  of  this  being 
the  case  with  Ichthyosaurus  (?)  ovalis,  in  which  the  contour  of  the 
vertebrsd  differs  considerably  from  that  obtaining  in  Kimeridgian 
species  undoubtedly  belonging  to  Ichthyosaurus.  It  may  therefore 
prove  that  Ophthalmosaurvs  icenicus  is  even  specifically  identical  with 
this  form.  In  respect  of  other  species,  I  have  great  doubt  whether  L 
entheciodon  is  distinct  from  the  continental  J.  leptospondylus  of  the 
same  geological  horizon,  but  since  I  cannot  certainly  say  that  the  two 
are  identical,  it  is  preferable  to  allow  both  names  to  stand  for  the 
present  I  find  by  a  comparison  of  the  type  skulls  of  the  so-called 
I.  Zetlandicus  ^  of  the  Upper  Lias  of  Whitby,  and  I.  longifrons  of  that 
of  Normandy,  that  these  two  are  evidently  closely  allied  forms  ;  and 
since  certain  differences  in  the  arrangement  of  the  bones  of  the 
quadratic  region  do  not  appear  to  me  to  be,  at  the  most,  of  more  than 
racieJ  importance,  I  am  inclined  to  refer  both  forms  to  a  single 
species.  A  comparison  of  the  pectoral  limb  of  the  Normandy  form 
with  that  of  the  Whitby  J.  actUirostris  shows,  moreover,  that  both 
are  of  the  same  structural  type  ;  and  since  other  Upper  Liassic  skulls 
from  Whitby,  which  are  indistinguishable  from  the  type  of  I  Zetland' 
icus,  agree  equally  closely  with  that  of  the  former,  I  am  disposed  to 
unite  both  J.  Zetlandicus  and  J.  longifrons  with  J.  acutirostris,  I  find, 
moreover,  that  skeletons  from  the  Upper  Lias  of  Wiirtemberg  in  the 
Museum,  which  agree  with  the  one  figured  by  Renevier  in  the  **  Bull. 
Soc.  Vaudois  "  for  1885  as  L  quadriscissus,  Quenstedt,  and  also  with 
those  from  the  same  region  figured  by  Prof.  Seeley  in  the  "  British 
Association  Beport "  for  1880,  without  specific  determination,  present 
all  the  characters  of  the  present  species.  And  I  am  confirmed  in 
this  conclusioQ  by  finding  it  stated  by  Theodori  in  his  Monograph 
of  J.  trigonodon  that  J.  acutirostris  is  the  most  common  form  found 
in  the  Upper  Lias  of  Bavaria  and  Wiirtemberg.  The  sketch  of  a 
skull  from  the  Upper  Lias  of  Banz,  in  Bavaria,  made  by  Theodori 
and  presented  by  him  to  Sir  E.  Owen,  which  is  preserved  in  the 
British  Museum,  also  affords  important  evidence  in  this  direction, 
since  it  shows  that  the  premaxilla  and  lachrymal  did  not  unite  below 
the  nares  to  exclude  the  maxilla  from  that  aperture ; — a  feature  which 
is  characteristic  of  the  skulls  described  as  J.  Zetlandicus  and  J. 
longifrons. 

I  may  observe  also  that,  as  Mr.  W.  Davies  first  pointed  out  to 
me,  I.  longirostris,  Owen,  appears  to  be  identical  with  I.  latifrons, 
Eonig.     The  former  name  was,  however,  originally  applied  by  Jager 

*  I  am  glad  to  take  tliis  opportunity  of  thanking  Prof.  T.  McKenny  Hughes,  of 
Cambridge,  for  his  coortesy  in  permitting  the  type  skall  of  /.  Zeilandieut  to  be  sent 
to  the  British  Museum  for  comparison. 
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to  speoimens  from  tbe  Upper  Lias  of  Wurtembeig  which  are  pro- 
bably also  specifically  the  same. 

In  conclusion  it  will  be  interesting  to  draw  attention  to  a  pectoral 
limb  of  L  acutirostria  (quadrtsciistta),  figured  by  Dr.  O.  Fraas  in  the 
Jahresh.  Yer.  Nat  Wiirtt.,  1888,  pi.  vii.,  in  which  the  contour  of 
the  integument  is  perceived.  It  appears  from  this  figure  that  the 
integuments  were  produced  a  considerable  distance  on  the  posterior 
border  of  the  paddle  so  as  to  form  a  large  fold  in  the  axillary  region. 

VII. — On  Simple  Apparatus  fob  TJsb  in  the  Obskbyatiok  or 

FlaME-E  K  ACTIONS. 

By  Grentillb  A.  J.  Cole,  F.G.S. 

(^  EOLOGISTS,  who  are  again  and  again  forced  to  deal  with  the 
T  most  minute  or  fragmentary  specimens,  and  who  find  it  impos- 
sible to  cultivate,  during  their  surveys  of  the  earth,  the  methods 
perfected  by  the  mineralogist  in  his  learned  leisure,  have  fully 
recognized  the  importance  of  Prof.  Szabo's  tabulation  of  the  flame- 
reactions  of  the  felspars.  Since  the  accuracy  of  the  results  obtain- 
able depends  largely  upon  the  position  of  the  mineral-particle  in  the 
flame,  I  venture  to  call  attention  to  a  form  of  support  that  has 
proved  in  practice  as  convenient  and  efficient  as  it  is  simple. 


Following  a  long  way  in  the  wake  of  Prof.  Miller's  ingenious 
goniometer,  the  materials  of  this  little  instrument  are  essentially 
wire  and  cork.  A  small  gallipot,  such  as  is  used  for  Liebig's 
extract,  forms  a  base  that  is  clean,  strong,  and  adequately  heavy. 
A  brass  wire,  about  5  mm.  in  diameter,  passes  through  the  cork  of 
this,  and  rises  15  centimetres  above  it,  carrying  a  stout  cork  A, 
which  can  be  slid  up  and  down  to  any  level.  A  steel  wire  or 
knitting-needle,  some  25  cm.  long,  is  pushed  horizontally  through  A, 
the  last  7  cm.  on  either  side  being  then  bent  forward  at  right  angles. 
Two  small  corks,  B  and  B',  are  carried  by  the  parallel  arms  thus 
formed,  and  support,  by  means  of  a  knife-slit  in  the  top  of  each,  the 
fine  platinum  wires  employed.  B  can  be  slipped  off  the  steel  wire, 
the  mineral  fragment  can  be  attached,  with  Prof.  Szabo's  precautions, 
to  the  platinum  loop,  and  the  carrier  replaced  without  fear  of 
by  jarring.  B'  can  be  used  for  a  type-specimen  to  be  com- 
*  irith  that  under  ezainma\.\oix,  l\i^  yrirea  on  both  corks  being 
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adjusted  to  exaotly  the  same  level,  and  one  or  other  being  brought 
at  will  into  the  flame. 

The  oork  A  being  set  approximately  at  the  proper  height,  the 
rotation  of  the  steel  wire  within  it  moves  B  and  B'  equally  in 
vertical  planes,  and  gives  a  delicate  means  of  fine  adjustment  To 
secure  uniformity  of  position  in  successive  experiments,  the  platinum 
loop  carrying  the  specimen  is  brought,  in  the  first  trial,  to  the  exact 
level  of  the  top  of  the  bunsen  burner,  or,  in  the  second  and  third 
trials,  to  the  level  of  the  top  of  the  iron  cone.  A  small  plate  of 
wood,  C,  of  the  thickness  of  5  mm.,  is  then  slid  under  the  gallipot, 
the  specimen  being  thus  raised  to  the  position  adopted  by  Prof. 
Szabo,  without  any  of  the  difficulties  that  so  often  arise  from  the 
jarring  or  stiffness  of  motion  in  more  elaborate  supports. 

The  dimensions  above  given  are  those  adapted  to  a  bunsen  burner 
of  ordinary  height  and  ordinary  diameter  of  base.  For  packing,  the 
erection  can  be  taken  down,  and  the  5-millimetre  plate  and  the 
smaller  corks  can  be  kept  inside  the  gallipot  till  required. 

This  obvious  and  simple  contrivance,  with  its  smoothness  and 
uniformity  of  adjustment,  may  possibly  facilitate  to  some  busy 
geologist  the  practice  of  the  method  of  flame-reactions ;  and  a  sense 
of  the  value,  not  to  say  .the  charm,  of  the  observations  of  Prof.  Szabo 
must  be  my  excuse  for  thus  describing  it  at  length. 


VIII. — Note  on  a  Speoies  op  Sotmnus  prom  the  Upper  Tertiary 

Formation  op  New  Zealand. 

By  Jambs  W.  Davis,  F.G.S. 

IN  a  Memoir  recently  published  *'  On  the  Fossil  Fish  Bemains  of 
the  Tertiary  and  Cretaceo-Tertiary  Formations  of  New  Zea- 
land "  (Transactions  of  the  Koyal  Dublin  Society,  vol.  iv.  ser.  ii. 
p.  11,  pi.  vi.  fig.  22)  there  is  described  a  small  tooth  as  an  immature 
example  of  Carcharodon  angustidenSf  Ag.  The  specimen  was  in- 
cluded amongst  a  large  number  of  others  forwarded  for  examination 
by  Sir  James  Hector,  Director-General  of  the  Geological  Survey  of 
New  Zealand ;  it  is  a  small  tooth,  exquisitely  preserved,  and  does 
not  exhibit  any  signs  of  abrasion  by  use,  which  led  to  its  being 
provisionally  considered  as  the  tooth  of  a  young  shark,  and  its  form 
and  minutely  serrated  margin  appeared  to  indicate  that  its  relation- 
ship was  with  Carcharodon.  I  am  indebted  to  Mr.  A.  Smith  Wood- 
ward for  the  suggestion  that  the  tooth  belongs  to  one  of  the  SpinacidaB ; 
a  re-examinatiun  has  convinced  me  of  the  correctness  of  this  sugges- 
tion, and  that  it  is  an  example  of  the  genus  ScymnuSj  to  which  genus 
I  have  no  hesitation  in  transferring  it  The  occurrence  of  this 
specimen  in  the  Napier  series  of  the  Esk  River  is  interesting  from 
the  fact  that  the  only  existing  species,  Scymnus  lichia,  is  found 
inhabiting  the  Mediterranean  Sea,  and  that  part  of  the  Atlantic 
immediately  adjoining.  The  genus  is  represented  in  the  Miocene 
Molasse  of  Baltringen  by  Scymnus  triangulus,  Probst,  a  small  thin 
tooth,  with  a  triangular  crown  and  a  more  or  less  rectangular  base 
divided  into  two  parts  by  a  vertical  slit ;  from  the  Pliocene  of  Tuscany 
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and  the  Bruxellian  of  Wolu  we  St.  Lambert.  The  New  Zealand  species 
may  be  distinguished  from  this  one  by  its  larger  size,  more  aoumi- 
nate  apex,  and  by  a  slight  lateral  projection  from  the  base  of  the 
crown.  The  Napier  series,  from  which  it  was  obtained,  occupies 
a  much  higher  horizon  than  the  Baltringen  Molasse ;  by  the  Survey 
they  are  considered  to  be  the  Upper  beds  of  the  Pliocene,  whilst 
Professor  Button  tabulates  them  as  Pleistocene.  They  underlie  the 
dispersed  gravels  and  peat  mosses,  the  latter  containing  the  bones 
of  the  recently  extinct  Moa.  Though  the  existence  of  Sofmnus  is 
unknown  in  the  southern  seas,  its  fossil  remains  in  these  beds 
indicate  that  its  extinction  has  happened  during  comparatively  recent 
times.  It  is  desirable  that  the  species  should  be  distinguished,  and 
I  suggest  as  the  nomen  iriviale,  Sofmnus  acutus. 
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I. — Paueomtolooigal  Contributions  to  Selachian  Morpholoot.^ 
By  A.  Smith  Woodward,  F.Z.S.,  F.G.S. 

fllHE  author  discussed  two  features  in  Selachian  anatomy  presented 
X  by  fossils  from  the  Chalk  of  Mount  Lebanon.  An  examination  of 
the  so-called  Sq^llium  Sahel-AlmcBj  which  is  certainly  a  member  of 
the  Scylliidas,  shows  that  the  lateral  line  of  this  fish  was  supported 
by  a  series  of  half-rings,  exactly  like  those  met  with  in  Squaloraja 
and  the  Chimasroids — a  character  apparently  hitherto  unrecognized 
among  undoubted  Selachii.  The  canal  of  the  lateral  line  in  the 
Cretaceous  fossil  was  thus  presumably  an  open  groove ;  and  only 
two  living  Sharks,  Echtnorhinus  and  Chlamydoselachus,  both  com- 
paratively primitive,  have  yet  been  described  as  exhibiting  such  a 
condition.  The  second  discussion  related  to  the  pelvic  cartilage  of 
Cyclobatisy  one  of  the  TrygonidaB.  It  had  long  been  recognized  that 
the  pair  of  anterior  processes  were  the  homologues  of  the  so-called 
"  prepubics,"  and  the  author  now  attempted  to  show  that  the  large 
bent,  lateral  processes  were  dorsal ly  placed,  and  might  thus  be 
regarded  as  "  iliac."  It  seems  not  improbable  that  the  reflexed  distal 
extremities  of  the  latter  originally  supported  the  metapt^rygia  of 
the  pectoral  fins,  in  the  same  manner  as  the  propterygia  were  con- 
nected with  the  antorbital  (post-palatine)  cartilages. 

^  Proceedings  of  Zoological  Society  of  London,  Feb.  21,  1888. 
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IL — Unterdbvowische  Cbinoiden.  Yon  Dr.  Otto  Follmank. 
Verb.  d.  nat  Ver.  Jahrg.  xxxiv.  6  Folge,  IV.  Bd.  pp.  113-138, 
pis.  ii.  iiL 

THIS  paper  gives  detailed  descriptions  of  a  numerous  suite  of 
Grinoids  collected  by  Herr  B.  Stiirtz  from  tbe  Lower  Devonian 
strata  of  Bundenbacb  and  Gemvinden.  Tbese  fossils  are  mostly  in 
a  pyritized  condition,  but  tbey  have  been  treated  by  the  same 
methods  which  proved  so  successful  with  the  Asteroidea  from  the 
same  beds,  and  many  new  structural  features  have  been  brought 
to  light  The  following  new  species  are  described  and  figured : — 
Triacrinus  elongatus,  Calycanthocrinus  (n.  g.)  decadactylus,  Taxoerintu 
Stuertzii,  T,  Orebeij  Codiacrinus  Schultzeif  Ctenocrinus  acictdariSj  C 
ttellifer,  and  C.  rhenantu.  Additional  details  are  likewise  given  of 
twelve  other  species  previously  described  from  the  same  geological 
horizon.  

IIL — Discovery  of  Elephas  pbimiobnius  associated  with  Flint 
"     Implements    at   Southall.     By    J.   Allen   Bbown,   F.O.S., 
Geologists'  Association,  6th  May. 

DURING  last  year  some  important  drainage  works  were  carried 
out  at  Southall,  and  sections  were  exposed  in  Windmill  Lane, 
a  road  running  from  Greenford,  through  part  of  Hanwell,  across 
the  Great  Western  Railway  to  Woodlake,  skirting  Osterley  Park, 
as  well  as  in  Norwood  Lane,  leading  from  Windmill  Lane,  south- 
westward. 

The  remains  of  the  Mammoth  were  discovered  in  Norwood  Lane, 
about  550  yards  from  its  junction  with  Windmill  Lane,  and  at  the 
88  foot  contour.  They  were  embedded  in  sandy  loam,  underlying 
evenly  stratified  sandy  gravel,  with  a  thin  deposit  of  brick-earth 
about  a  foot  in  thickness,  surmounting  tbe  gravel — in  all  about 
13  feet  of  river  drift  above  the  fossils. 

The  labourers  described  the  tusks  as  being  found  curving  across 
the  "  shore "  or  excavation,  attached  to  the  skull,  parts  of  which, 
with  the  leg-bones,  eta,  and  teeth  were  exhumed.  Other  bones 
were  exposed  in  the  side  of  the  cutting. 

It  is  probable  that  the  whole  of  the  remains  might  have  been 
obtained  if  they  could  have  been  carefully  exhumed,  and  if  means 
had  been  at  hand  to  remove  them,  as  they  were  in  a  soft  pulpy 
condition. 

The  author  obtained  many  of  the  bones  in  a  fragmentary  state, 
including  parts  of  tbe  fore  limbs  and  jaw,  and  portions  of  the  tusks, 
as  well  ae  two  of  the  teeth,  which  were  much  better  preserved ;  a 
third  molar  was  found,  but  broken  to  pieces  by  the  labourers. 
Although  many  of  the  bones  were  when  gelatinized  too  much 
broken  to  admit  of  determination  with  certainty,  they  were  quite 
unrolled  and  the  joints  and  articulations  of  the  leg  bones  and 
the  teeth  were  unabraded.  There  can  hardly  be  a  doubt  that  the 
bones  of  the  whole  of  the  fore  part  of  the  Elephant,  if  not  of  the 
entire  skeleton,  were  in  juxtaposition. 

Several  flint  implements  were  found  in  Norwood  Lane  in  close 
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proximity  to  the  remains,  and  a  well-formed  spear-head  nearly  ^v^ 
inches  in  length,  of  exactly  the  same  shape  as  the  spear-heads  of 
obsidian  until  recently  in  use  among  the  natives  of  die  Admiralty 
Islands  and  other  savages,  was  discovered  in  actual  contact  with  the 
bones.  Smaller  spear-head  flakes  less  symmetrically  worked  were 
also  found  at  this  spot  They  are  formed  for  easy  insertion  into  the 
shafts  by  thinning  out  the  butt  end,  similar  to  those  found  abundantly 
by  the  author  at  the  workshop  floor,  Acton,  and  described  by  him  in 
his  lately  published  work,  '*  PalsBolithic  Man  in  N.W.  Middlesex." 
Among  the  implements  found  here  is  an  unusually  fine  specimen  of 
the  St  Acheul  or  pointed  type,  8  inches  long,  of  rich  ochreous 
colour  and  unabraded,  and  a  well-formed  lustrous  thick  oval  imple- 
ment pointed  at  one  extremity,  rounded  at  the  other,  and  also 
unrolled. 

From  the  adjacent  excavations  in  the  Windmill  Eoad  several  good 
specimens  of  Palseolithic  work  were  also  obtained,  including  two 
dagger  implements  with  heavy  unworked  butts  and  incurved  sides 
converging  to  a  long  point ;  these  were  evidently  intended  to  be  used 
in  the  hand  without  hafting.  Also  a  form  of  instrument  character- 
istic of  the  older  river  drift,  convex  on  one  side  and  slightly  concave 
on  the  other  near  the  point  and  partly  worked  at  the  butt ;  with 
these  were  two  rude  choppers  or  axes,  two  points  of  implements 
with  old  surfaces  of  fracture,  and  several  flakes.  It  is  remarkable 
that  almost  all  the  principal  types  of  flint  implements  found  in 
the  oldest  drift  deposits  are  represented  in  the  collection  fonnd 
in  the  vicinity  of  the  remains  of  the  Elephant  Mr.  J.  Allen 
Brown  accounts  for  the  deposit  of  the  remains  of  the  Mammoth 
and  associated  human  relics  at  this  locality  by  the  fact  that  the 
underlying  Eocene  bed  rises  to  within  two  or  three  feet  of  the 
surface  a  few  yards  west  of  the  spot  where  the  bones  and  imple- 
ments were  found,  while  towards  the  Uxbridge  Hoad  and  upper 
part  of  Windmill  Lane,  the  drift  deposits  thicken,  until  at  no  great 
distance  they  have  a  thickness  of  14  to  17  feet.  Thus  the  river- 
drift  rapidly  thins  out  and  the  upward  slope  of  the  London  Clay 
reaches  nearly  to  the  surface  at  about  the  90th  foot  contour,  and  as 
the  level  at  which  the  fossils  were  found  (13  feet  from  the  surface) 
would  represent  the  extent  of  the  erosion  and  infilling  of  the  valley 
which  had  then  taken  place,  it  is  probable  that  the  higher  ground 
formed  by  the  up-slope  of  the  London  Clay  then  formed  the  banks 
of  the  ancient  river,  or  if  another  thick  bed  of  drift  should  be  found 
still  further  west,  in  a  depression  of  the  Tertiary  bed,  such  as  often 
occurs.  The  intervening  higher  ground  would  form  a  small  island 
in  the  stream,  in  either  case  a  habitual  land  surface  would  be  formed, 
with  shallow  tranquil  waters  near  the  banks,  not  impinged  upon  by 
the  currents  which  subsequently  set  in  this  direction  as  shown  by 
the  deposit  of  coarse  stratified  gravel  above  the  loamy  bed  and 
remains. 

The  author  is  thus  led  to  the  conclusion  that  the  carcase  of  tbe 
Elephant  either  drifted  into  the  shallow  water  near  the  bank,  or 
else,  which  seems  more  probable  from  the  presence  of   so  many 
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weapons  near  the  spot,  inolading  the  spear-head,  found  with  the 
remains,  that  the  animal  was  pursued  into  the  shallow  water  by  the 
Palceolithio  hunters  and  there  became  "  bogged."  Whatever  hypo- 
thesis may  be  aocepted,  there  is  no  evidence  of  any  greater  flood 
or  inundation  than  would  often  occur  under  the  severe  climatic 
conditions  which  prevailed  during  the  long  period  which  intervened 
between  the  formation  of  the  higher  benches  of  river  drift  and  that 
of  the  mid-terrace,  only  25  to  30  feet  above  the  present  river,  in 
which  the  remains  of  the  Mammoth  and  the  extinct  Quaternary 
mammalia  are  more  frequently  met  with  under  similar  conditions. 
Nor  does  there  appear  to  be  any  more  reason  for  ascribing  the 
extinction  of  the  great  Quaternary  pachyderms  to  a  sudden  cata- 
strophe or  cataclysm  than  there  is  for  the  extinction  of  some  other 
Pleistocene  forms,  such  as  the  Great  Irish  Deer ;  while  the  difficulty 
involved  in  this  hypothesis  is  still  further  increased  by  the  fact 
that  other  animals,  such  as  the  Eeindeer  and  Musk- sheep  of  northern 
habit,  as  well  as  southern  forms  like  the  Hippopotamus,  were  not 
utterly  destroyed  with  their  contemporaries  by  the  same  cause,  but 
merely  migrated  to  regions  more  suited  to  them,  as  the  climatic  and 
other  conditions  of  this  country  changed. 


la  E  V  I  E  "W"  S- 


I. — Introditctory  Text  Book  of  Geology.  By  David  Page, 
LL.D.,  F.G.S.  Revised  and  in  great  part  rewritten  by  Charles 
Lapworth,  LL.D.,  F.G.S.  Twelfth  and  enlarged  edition.  8vo. 
pp.  309.     (London  and  Edinburgh,  Blackwood  &  Sons,  1888.) 

THE  publishers  of  this  work  are  fortunate  in  having  secured 
Prof.  Lapworth's  services  in  bringing  out  a  new  edition  of  it. 
While  careful  to  retain  the  arrangement  of  the  original,  and  whatever 
was  valuable  of  its  matter,  the  editor  has  been  bold  enough  to  sweep 
away  all  that  is  cumbrous  or  obsolete,  and  sufficiently  painstaking 
to  rewrite  whole  chapters  in  order  to  bring  them  abreast  of  modern 
geological  thought.  The  result  is  that  he  has  produced  a  book 
which  from  its  simplicity  and  clearness  will  be  useful  for  schools, 
while  the  introduction  of  specific  names,  the  careful  attention  paid  to 
the  derivation  and  meaning  of  terms,  the  alternative  tables  and  fresh 
points  of  view  brought  into  the  "  Recapitulations,"  the  real  glimpse 
(not  a  mere  catalogue)  of  foreign  strata,  and  the  new  classification  of 
animals  and  plants,  will  restore  it  to  its  place  as  an  examination  text- 
book. But  beyond  and  above  this,  the  sections  on  Petrological 
geology,  on  the  older  Palaeozoic  or  Proterozoic  rocks,  and  last  but 
far  from  least,  those  on  the  Igneous  and  Metaraorphic  rocks,  are  well 
worthy  the  attention  of  specialists  in  these  lines  of  research.  That 
the  improvements  are  wide-spread  as  well  as  concentrated  we  see 
from  the  fact  that  this  edition  contains  more  than  70  additional 
pages  and  60  new  illustrations.  Many  of  the  old  artificial-looking 
sections  are  replaced  by  real  ones  (like  the  effective  drawing  x)f  rock 
strikes  in  p.  62  and  the  map  and  sections  on  p.  63)  and  some  of  the 
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old  fosHils  are  removed  and  tbeir  plaoes  taken  by  others  of  more 
value  in  the  present  state  of  scienoe.  Professor  Nicholson  has  lent 
some  of  the  beautiful  drawings  from  his  PalaBoniology,  sadi  as 
Nosa$auruB,  Dieynodon,  HesperomiSf  and  Odontopteryx  (whose  arti' 
ficial  teeth,  as  a  lady  student  once  called  them,  are  well  shown),  and 
some  of  the  older  pictures  like  the  rather  blas^  Pterygotu&  of  p.  186 
look  poor  beside  these  modern  rivals. 

In  the  short  sketch  of  the  objects  and  scope  of  geology  enough 
elementary  knowledge  is  imparteil  to  enable  the  student  to  follow 
the  succeeding  chapter  on  dynamical  agencies  modifying  the  earth's 
crust ;  but  a  great  deal  of  space  is  saved  in  this  section  to  be  used 
later  on  more  purely  geological  matters,  the  author  rightly  thinking 
that  much  of  this  will  have  been  taught  as  Physiography  ;  we  may 
illustrate  the  thoroughness  and  conciseness  of  this  part  by  a  single 
sentence  on  the  formation  and  maintenance  of  waterfalls.  '*  Where 
a  hard  stratum  rests  upon  one  of  a  softer  nature,  erosion  is  arrested 
ahove  and  behind,  while  it  goes  on  unchecked  in  front  and  below." 
The  Petrological  division  is  almost  too  brief,  but  we  notice  some 
good  illustrations  and  oblique  and  inosculating  (loop)  faults  are 
defined. 

The  Historical  Geology  of  the  work  is  not  only  thorough,  but 
exceedingly  interesting,  for  the  author  has  the  faculty  of  grasping 
the  general  facies  of  a  system  and  presenting  it  to  his  readers  as  a 
whole,  so  that  he  not  only  gives  type  sections  and  descriptioDS  of 
the  fauna  and  flora,  but  in  a  few  graphic  touches  notes  their  varia- 
tions in  our  own  limited  area  and  over  the  rest  of  the  world.  In 
order  to  this  he  does  not  fetter  himself  by  any  single  literal  plan, 
but  moulds  his  plan  to  his  subject  (this  is  seen  in  other  chapters),  and 
so  presents  some  systems  differently  from  others.  The  Archsean 
chapter  is  an  interesting  one,  and  the  author's  views  may  be  gleaned 
from  this  passage  : — "  As  most  of  the  foliated  Archaean  rocks  occur 
in  areas  of  regional  metamorphism,  it  may  be  regarded  as  tolerably 
certain  that  they  owe  their  schistose  characters  to  the  same  agenc}', 
and  that  we  are  not  dealing  in  a  series  of  such  foliated  rocks  with 
rock  systems,  but  with  petrological  complexes."  There  is  a  curious 
passage  on  page  150,  and  one  can  imagine  that  the  author  felt  a  little 
tempted  to  add  to  his  list  the  Dimetian,  Arvonian,  Lewisian,  and 
Monian  systems  with  their  synonymous  localities.  It  is,  of  course, 
needless  to  say  that  the  hand  of  the  master  is  clearly  traceable  through 
the  Cambrian,  Silurian,  and  Ordovician  sections,  and  in  the  latter  be 
has  again  raised  the  Shropshire  standard  for  comparison.  The  pals- 
ontology  of  each  system  is  gone  into  in  detail,  repeated  stress  being 
laid  on  the  introduction,  modification,  and  extinction  of  species; 
its  volcanic  energy  is  described,  and  space  is  generally  found  for  an 
account  of  the  economics  and  scenery  of  the  rocks  and  of  the  phases 
of  Physical  Geography  to  which  each  is  due.  Liberal  space  is 
allotted  to  the  Carboniferous  system,  which  is  used  as  an  illustration 
of  the  method  of  working  out  a  system  of  rocks  in  its  entirety.  But 
we  have  not  time  to  deal  with  each  system  in  detail ;  the  advantages 
of  the  method  of  treatment,  the  amount  of  matter  introduced,  its 
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nliability,  and  the  attnotiTa  manner  of  ita  aetting  forth,  will  be  best 
appreciated  by  the  readera  and  atndenta  for  whom  the  book  is  meant. 
We  have  pnrpoael;  deli^ed  to  speak  of  the  chapters  on  Igneona 
and  Metamorphio  rooka,  aa  these  chapters  will  be  the  ones  to 
attraotmost  attention.  Both  are  treated  from  the  point  of  view  of 
the  atrnotaral  geologist,  bat  one  who  ia  well  acquainted  with  the 
minuter  and  miorosoopto  oharaoters  of  the  rooks  he  speaks  of.  The 
olassifioation  of  Igneona  rocks  adopted  has  a  ohemioal  and  mineralo- 
gioal  basis,  the  minnter  subdEviaions  being  effected  by  differenoea  in 
origin  and  texture.  A  notable  passage  su^eats,  "it  ia  far  more 
probable,  however,  that  they  (granitic  bosses)  are  really  lacoolitea 
or  intmsive  sheets  upon  a  gigantto  acale,  the  plane  of  intrusion  and 
separation,  instead  of  being  confined  to  a  single  bedding- plane,  croaa- 
ing  the  bedding  of  the  ro^  of  the  diatriot  more  or  leas  irregularly 
and  obliquely," 


Fio.  se. 

of  the  Schiatow  Rocki. 

itrtulurt),  natnTal 


Fio.  65. 
Fibres  iUoatratiiig  the  at 
Hgj.  S3,  S*.  Mnero-Wnictnres.     Pig.  S3.  J'/awr  gnriit  {Flat 

Biia.      Fig.  6*.  Augn-granuliU  [Augai  </™rrur«),  natural  ii»e. 
Fifi.  65.   SG.   Micro -9trDctare«.     Fig.    b5.  Mylonile    (Myloniiie   )/ruc(Hiv),  highly 
magnified.      Fig,  G6.  Mica  ichiU  [Graiiulitie  ilructari),  highly  magnified. 

The  metamorphio  chapter  derives  great  interest  from  the  Survey 

Eper  read  at  the  Geological  Society  a  month  ago,  in  which  all  Prof, 
.pworth's  conclusions  in  the  Highlands  were  confirmed,  llio  t«rms 
dbcahi  m— TOfc.  v.— wo.  tii.  IX 
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Hydro-,  Pyro-,  and  Dynamo-MetamorpliiBm  are  used ;  the  first  stages 
of  their  action  producing  altered,  hut  the  higher  stages  metamorphic 
rocks.  Schists  are  defined  as  foliated,  cryst«dline  rooks,  in  which  the 
**  folia  are  not  in  parallel  sheets  but  thin  lenticular  plates,  each  plate 
thickening  in  the  middle,"  eta  We  have  next  descriptions  of  Augen 
Btructuref  flaser  structure  (formed  of  lenticles  or  ellipsoidal  patches 
or  phacoids  in  a  fine  base),  granuiilic  and  mylonilic  structures,  the 
latter  being  defined  as  **  Compact  slaty-looking  rocks,  composed  of 
material  ground  to  powder,  or  rock  flour,  between  the  great  moving 
masses  in  the  over-faults  of  that  region,  like  com  between  a  pair  of 
millstones."  The  author  takes  the  responsibility  of  such  of  these 
terms  as  are  due  to  him,  and  whatever  may  be  the  fate  of  the  terms, 
the  origin  of  the  structures  as  made  out  in  the  Highlands  seems  to 
be  almost  undisputed.  By  Messrs.  Blackwood's  kindness  we  are 
enabled  to  reproduce  the  figures  which  accompany  these  descriptions. 

Then  follows  an  account  of  the  two  main  sets  of  opinions  on  the 
origin  of  these  rocks,  leading  to  a  description  of  the  Highland  section. 
The  picture  of  this  is  almost  an  exact  copy  of  Murchison's,  teaching 
us  that  to  the  mere  drawing  of  sections  must  now  be  added  the 
skilled  interpretation  of  them.  We  then  have  a  highly  condensed, 
but  very  valuable  account  of  the  Deformation  Theory  of  Melamorphism 
which  we  print  in  full : — 

"  Founded  upon  the  conclusions  drawn  from  all  these  discoveries, 
a  new  theory  of  the  cause  of  the  association  and  of  the  varied  petro- 
logical  characters  of  the  rocks  in  a  district  of  regional  metamorphism 
is  being  gradually  developed  at  the  present  time — a  theory  most 
closely  related  to  the  original  suggestions  of  Darwin,  Scrope,  and 
Sharpe.  According  to  these  new  views,  the  rocks  in  such  a  district 
do  not  necessarily  belong  to  any  one  distinctive  geologic€d  period, 
but  may  be  of  various  geological  ages,  owing  their  present  association 
to  the  effects  of  lateral  pressure,  which  has  more  or  less  obscured  the 
evidences  of  their  original  relationships.  Some  metamorphic  areas 
may  possibly  be  wholly  Archaean ;  others  may  be  composed  of  patches 
originally  either  Archsean,  post- Archaean,  plutonic,  sedimentary,  or 
volcanic.  The  present  structures  of  the  rocks  in  various  parts  of 
such  an  area  may  be  either  original  or  secondary,  according  to  the 
mode  or  degree  of  the  local  metamorphism  to  which  they  have  been 
subjected.  The  granites,  gabbros,  etc.,  in  such  a  region  are  unaltered 
plutonic  rocks ;  the  quartzites,  crystalline  limestones,  and  the  like, 
are  probably  sediments  only  partly  altered.  The  gneissoid  rocks 
may  be  either  Archaean  or  post- Archaean  plutonic  rocks,  or  felspathic 
sediments  foliated  by  pressure,  intrusion,  veining,  and  the  like.  The 
schists  may  be  either  metamorphosed  sediments,  retaining  locally 
their  original  bedding  (where  altered  by  pyrometamorphism  and  the 
like),  in  dynamo-metamorphic  rocks  showing  only  secondary  strao- 
tures,  but  which  may  have  been  originally  either  gneissic,  plutonic, 
or  sedimentary  rocks,  but  whose  ingredients  have  been  more  or  less 
completely  rearranged  both  structurally  and  mineralogically.  In 
fine,  a  metamorphic  area  is  a  petrological  complex  whose  altered  rocks 
have  a  common  foliation.    The  strike  of  foliation  in  such  a  district  is 
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related  to  the  general  strike  of  the  sheete  of  sedimentary  or  crystalline 
rocks  which  formed  its  main  masses  at  the  time  of  its  final  folding 
and  shearing ;  the  dtp  of  foliation  is  simply  the  local  direction  of 
shear, — i.e.  is  related  to  the  direotion  in  which  the  mass  to  which  it 
helonged  was  giving  way.  Like  cleavage,  it  may  locally  coincide 
with  the  original  hedding ;  hut  it  normally  crosses  the  hedding  at  an 
angle,  and  traverses  aqueous  and  igneous  rocks  alike.  The  planes  of 
Bchistosity  are  those  planes  along  which  the  rocks  yielded  to  the 
lateral  pressare  or  torsion,  and  these  yielding  "planes  may  he  of  all 
grades  of  importance,  from  the  great  overfaults,  along  which  solid 
masses  of  enormous  extent  were  thrust  forward,  in  some  cases  for 
scores  of  miles,  down  to  the  minutest  planes  separating  the  micro- 
scopic folia  of  the  slaty  schists.  These  planes  cut  the  rock  up  into 
lenticular  patches  or  *phacoids,*  which,  like  the  yielding  planes 
themselves,  are  of  all  gradations  of  size — from  the  mountain  masses 
riding  out  along  the  great  overfolds  and  overfaults,  down  to  the 
*  eyes  '  of  the  *  augen '  schists.  The  mechanical  effects  wrought  by 
the  shearing  and  deformation  of  the  phacoids  show  of  necessity  a 
corresponding  gradation,  the  conditions  at  one  extreme  giving  rise  to 
coarse  rock-breccias ;  in  medium  cases  to  flaser  structures  and  foliation  ; 
at  the  other  extreme  to  the  compact,  stringy  mylonite,  in  which  the 
original  material  has  been  torn  and  ground  to  rock-dust.  Parallel 
with  these  mechanical  changes,  but  not  necessarily  accompanying 
them»  we  note  a  series  of  chemical  changes  of  rising  grades  of  impor- 
tance— a  larger  and  larger  portion  of  the  rock  undergoing  deforma- 
tion becoming  recrystallissed,  until  finally,  it  may  all  become  trans- 
formed into  foliated  crystalline  rock.  The  maximum  of  mechanical 
effects  seem  to  have  been  wrought  where  the  rock  yielded  to  the 
excessive  pressure  and  torsion  mainly  along  certain  definite  planes 
(shear  planes  or  gliding  planes)  or  areas  within  the  mass ;  the  maxi* 
mum  chemical  effects  where  the  deforming  stresses  affected  all  the 
particles  of  the  mass  alike,  the  rock  yielding  oryZou^tn^in  the  manner 
of  a  plastic  or  liquid  body.  In  some  minor  areas  the  results  effected 
by  dynamo-metamorphism  possibly  approximate  to  those  wrought  by 
pyro-metamorphism,  and  we  may  have  what  has  been  called  stratifi" 
cation  foliation.  In  general,  however,  the  foliated  rocks  have 
been  sheared,  and  the  primary  structures  have  all  been  more  or  less 
obliterated.  But,  as  a  metamorphic  region  may  be  subjected  to  suc- 
cessive earth-movements  acting  at  different  times,  and  from  different 
directions,  we  occasionally  find  a  newer  and  more  or  less  incomplete 
foliation  crossing  an  older  foliation,  or  the  rocks  may  show  traces  of 
a  foliation  of  a  still  earlier  date :  the  successive  foliation  planes  being 
in  different  stages  of  development,  preservation,  or  obliteration." 

So  much  has  been  done  in  so  little  space  that  it  seems  greedy  to 
ask  for  more  ;  still,  in  the  next  edition  we  hope  the  author  may  be 
able  to  supplant  the  rest  of  the  old  work  which  he  has  left  ;,to  give 
ns  a  few  more  figures  of  type  sections,  a  little  more  space  to  the 
dates  and  function  of  earth-movements,  and  even  perhaps  also  to  the 
physical  geography  of  the  different  periods.  It  seems  unnecessary 
to  put  into  words  what  it  is  quite  certain  all  readers  will  think  of 
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this  book ;  but  among  the  expressions  of  opinion  one  will  be  fre- 
quent, that  it  has  those  qualities  whioh  we  always  recognize  in  a 
man  of  power — strength  and  firmness  combined  with  a  rare  modesty. 


n. — List  of  the  Fossil  Faunas  of  Sweden.  Edited  by  the 
Pal  aeon  tological  Department  of  the  Swedish  State  Moseuin 
(Natural  History),  I.  Cambrian  and  Lower  Silurian.  8vo. 
24  pp.  IIL  Mksozoio.  20  pp.  (Stockholm,  1888,  Printed 
for  the  Museum  by  P.  A.  Norstedt  &  Soner.) 

THE  Authorities  of  the  Swedish  State  Museum  intend  to  publish 
a  list  of  the  fossils  (excepting  the  plants)  occurring  in  the 
various  geological  formations  of  Sweden,  and  two  parts  have  jnst 
been  issued.  The  first  of  these  has  been  prepared  by  Prof.  G. 
Lindstrom,  and  contains  the  names  of  species  from  the  different  sub- 
divisions of  the  Cambrian  and  Lower  Silurian  («  Ordovician)  in 
that  country.  The  Cambrian  is  divided  into  the  following  zones, 
the  fossils  in  each  being  separately  enumerated : — 1,  Oldest  Sand* 
stone  Beds,  the  Eophyton  and  Fucoid  Sandstones ;  2,  Paradonda 
Beds,  including  therein  the  zones  of,  (a)  OleneUus  Kjerulfi;  (h) 
Faradoxides  (Elandicus ;  (c)  P,  Tessini ;  (d)  P.  Davidii ;  (c)  P. 
Forchhammeri ;  (/)  Agnostus  lavigaius ;  3,  Olenua  Schists,  and  4, 
Dictyonema  Slate.  The  Lower  Silurian  comprises,  1,  Ceratopyg* 
Limestone;  2,  Lower  Graptolite  Schists;  3,  Orthoceratite  Lime- 
stone ;  4,  Middle  Graptolite  Schists ;  5,  Chcismops  Limestone ;  6, 
Trinucleua  Schists;  7,  Brachiopod  Schists;  8,  Upper  Graptolite 
Schists;  and  9,  Leptcena  Limestone.  From  the  Cambrian  strata 
141  species  are  enumerated,  and  627  from  the  Lower  Silurian,  thus 
making  a  total  of  768  species.  Of  these  no  fewer  than  36o,  or 
nearly  one-half,  are  Trilobites,  next  in  abundance  are  Graptolites 
with  146  species,  followed  by  the  Brachiopoda  with  89  species,  and 
the  Cephalopoda  with  50  species. 

Prof.  Lindstrom  remarks  that  not  a  single  species  is  recorded  as 
common  to  the  Cambrian  and  Lower  Silurian  formations  in  Sweden, 
but  the  latter  contains  19  species  which  recur  in  the  Upper  Silurian. 

Part  IL,  containing  a  List  of  the  Upper  Silurian  Fauna,  will  be 
issued  in  the  Autumn ;  Part  III.,  which  has  been  prepared  by  Prof. 
Bernhard  Lundgren,  records  the  Mesozoic  Fauna.  Of  the  lower 
portions  of  the  Mesozoic  series  only  the  Hhsetic  and  Liassic  strata 
are  developed  in  Sweden,  and  in  these  there  seems  to  be  but  a 
scanty  fauna,  for  not  more  than  24  species  are  enumerated  from  the 
former,  and  129  from  the  latter  group.  There  is  then  a  wide  gap 
in  the  middle  portion  of  the  Mesozoic  series,  until  reaching  tbe 
higher  members  of  the  Cretaceous  strata,  which  are  richly  fossili- 
ferous,  the  list  containing  456  species,  mainly  from  the  zones  of 
Actinocamax  mnmmtllatus  and  of  Belemnilella  mucronata. 

The  value  of  these  Lists,  prepared  as  they  have  been  by  such 
well-qualified  authorities,  will  be  recognized  by  all  palaeontologists, 
and  we  hope  that  the  other  parts  will  be  successfully  completed. 


Sevieics — Dr.  Qeo.  Baur — Ichthycpierygia. 

III. — On  the  Morphology  and  Origin  of  the  Ioiithyoptk 
By  Dr.  Gborg  Baur,  Yale  College  Museum. 

THE  present  paper  is  one  of  the  results  of  Dr.  Baur's  rece 
in  Europe,  during  which  he  was  enabled  to  examine  the 
Yertebrata  in  most  of  the  principal  Museums  of  the  Contine 
England.  The  various  known  characters  of  the  Ichthyoptc 
skeleton  are  reviewed  and  compared  especially  with  the  e 
Sphenodon;  and  the  oonclusion  is  arrived  at,  that  these  M 
marine  reptiles  bear  the  same  relation  to  certain  ancestral  ten 
Rhynchooephalia,  that  is  apparently  borne  by  the  living  Get 
early  ungulate  Mammalia.  The  skull  is  only  comparable  wit 
pf  the  Bhynchooephalia  (especially  Sphenodon)  and  the  Lac 
The  only  real  difference  is  that,  as  in  the  Cetacea,  the  facial  ] 
has  been  very  much  elongated.  "  The  general  structure  of  th 
resembles  that  of  the  Dolphins:  in  its  morphology,  it  is  a  c 
the  Sphenodon  skull."  Most  of  the  accepted  interpretations 
oraniai  bones  are  arlopted,  but  a  correction  is  offered  in  regard 
large  bone  forming  the  postero-external  boundary  of  the 
temporal  fossa.  This  is  determined  to  be  the  supratemporal  e 
of  the  Laoertilia,  and  in  Sphenodon  is  said  to  be  united  wi 
squamosal ;  the  bone  in  Ichthyosaurus  has  been  termed  mast 
Owen,  and  squamosal  by  Seeley  and  Cope.  Between  this  el 
the  postfrontal,  postorbital,  quadratojugal,  and  quadrate,  is 
lated  the  true  squamosal,  named  prosquamosal  by  Owen,  and 
quadrate  by  Seeley. 

After  the  detailed  comparisons,  Dr.  Baur  proceeds  to  disci 
morphology  of  the  Ichthyosaurian  paddle.  The  most  pr 
example  known  is  that  of  Ichthyosaurus  comalianus,  Bassan 
the  Trias  of  Besano,  Italy,  which  is  placed  in  a  new 
Mixosaurus.  The  radius  and  ulna  are  elongated  bones, 
considerable  intervening  space.  The  paddle  of  Baptano 
Sauranadon  is  regarded  as  the  most  specialized  form,  and  th 
termed  by  Marsh  "  intermedium  "  is  interpreted  as  ulna,  wt 
so-called  ''ulna"  is  held  as  probably  representing  the  pis 
The  oldest  Ichthyopterygia  had  few  phalanges  and  not  moi 
five  digits ;  later,  through  the  adaptation  to  the  water,  the  i 
of  phalanges  increased,  and  more  digits  appeared,  chiefly  by  c 
of  the  former,  but  sometimes  by  new  formation  on  the  ulr 
An  interesting  analogous  case  is  noted  in  the  manus  of  a  Man 
which  Dr.  Gadow  has  observed  an  exceptional  increase 
phalanges  beyond  the  normal  Mammalian  to  the  number  of  t 

In  conclusion,  Dr.  Baur  proposes  the  following  classifica 
the  Ichthyopterygia : — 

Group  A.  Radius  and  ulna  elongated,  separated  by  a  s] 
the  middle.  Teeth  of  two  forms,  but  not  so  numerous  as 
IchthyosauridaB.     Small  animals.     TriasHic. 

Family,  Mixosaurida,  Baur.     Genus,  Mixosaurus,  Baur. 

Group  B.  Radius  and  ulna  short  bones,  touching  each 
Teeth  well  developed  and  numerous. 

^  American  Naturalitt^  1887,  pp.  8^7-^40. 
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Family,  Ichthyosaurida,  Bonaparte.     Genas,  lehthffosaunu,  Eoenig. 

Also  undefined  genera. 
Group  C.     Radius,  ulna,  and  a  third  bone  articulating  with  the 
humerus.     Teeth  rudimentary^r  absent. 

Family.  Baptanodontida,  Marsh.     Qenus,  Baj^nodon,  Marsh. 

A.  aw. 


IV. — "  Geology  FOB  All."  By  J.  Logan  Loblkt,  F.G.S.    (London, 

Eoper  &  Drowley,  1888.) 

a  p\  EOLOGY  FOR  ALL  "  is  a  very  attractive  title,  and  we  wish 
vjr  that  such  a  work  may  succeed,  for  no  little  credit  would 
attach  to  the  man  who  could  enable  the  general  public  to  master  the 
alphabet  of  geology.  Outside  a  limited  circle  even  the  well-educated 
continue  in  a  complete  fog  as  to  things  which  are  simple  in  them- 
selves, and  ought  to  be  understanded  of  the  people  without  difficulty. 
How  far  the  book  in  question  fulfils  this  want  is  a  point  on  which 
opinions  may  differ.  It  is  dedicated  to  the  memory  of  Prof.  Morris, 
and  a  very  good  likeness  of  that  best  of  all  geological  teachers  faces 
the  title-page.  Not  the  least  valuable  part  of  this  littie  work  consists 
of  the  Preface  and  Introduction,  which  are  full  of  inducements  to 
pursue  the  study  of  geology.  When  we  come  to  the  dry  bones  of 
the  subject,  then  a  text-book  is  a  text-book,  whether  it  be  long  or 
short.  On  the  whole,  the  author  places  before  his  readers  a  consider- 
able amount  of  matter  of  a  useful  kind  within  the  space  allotted  to 
him,  though  he  makes  a  slip  here  and  there.  As,  for  instanoe,  at 
page  41,  where  he  is  rash  enough  to  give  a  formula  for  orthoclase 
which  would  yield  less  than  24  per  cent  of  silica  in  a  mineral  con- 
taining over  64  per  cent.  He  is  especially  strong  in  dealing  with 
physical  features,  and  his  great  experience  in  connection  with  geolo- 
gical excursions  renders  this  part  of  his  subject  comparatively  easy 
to  him.  We  sincerely  trust  that  his  ability  and  enthusiasm  may  gain 
many  converts  to  the  good  cause.  W.  H.  H, 


V. — Free  Public  Libraries,  their  Organization,  Uses,  and 
Management.  By  T.  Greenwood,  F.R.G.S.  pp.  320,  Illns- 
trated.     (Simpkin,  Marshall  &  Co.,  1887.) 

THIS,  though  nominally  only  a  fresh  issue,  is  in  fact  a  new  edition 
of  the  volume  which  first  appeared  in  1886.  It  is  printed  in 
a  handier  form,  has  undergone  revision,  and  the  subject-matter  has 
be«*n  re-arranged. 

The  work  "  does  not  seek  to  be  a  book  of  instruction  to  those  in 
charge  of  Free  Libraries,"  but  is  intended  to  further  the  extension  of 
the  Free  Library  movement  and  to  aid  those  who  are  seeking  to 
secure  the  adoption  of  the  Libraries'  Act  in  their  district  by  furnish- 
ing advice  how  to  initiate  and  how  to  carry  out  the  undertaking. 

A  chapter  is  devoted   to  "Museums  and  Art  Galleries," — and 

another  to  "  Science  and  Art " — **  in  connection  with  Free  Libraries;" 

but  though  "  Commercial  Museums "  and  "  Technical  Education " 

have  each  their  paragraphs,  mmetoi^  Obud  %<sAlQ^caI  collections  have 
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only  an  accidental  allusion  in  one  case— T^hen  the  Ipswich  Museum 
and  Library  are  spoken  of.  Surely  some  knowledge  of  Geology, 
using  that  term  in  its  widest  sense,  is  both  of  educational  value  and 
technical  importance  in  every  district,  to  say  nothing  of  its  extreme 
usefulness  in  mining  and  agricultural  centres,  and  m'c  trust  that  Mr. 
Greenwood  will  in  future  editions  be  able  to  say  something  in  favour 
of  the  study  of  that  science  which  next  to  chemistry  has  the  greatest 
influence  over  the  affairs  of  our  every-day  life,  and  thus  supply  what, 
to  us,  seems  the  one  omission  in  his  admirable  volume. 


I&ESIPOI^TS   JL.'JSriD  I'l^OOSlElIDIISrOS. 


Gbologioal  Society  of  London. 

L— May  9,  1888.— W.  T.  Blanford,  LL.D.,  F.RS.,  President,  in 
the  Chair. — The  following  communications  were  read  : — 

1.  "The  Stockdale  Shales."  By  J.  E.  Marr,  Esq.,  M.A.,  SecG.S., 
and  Prof.  H.  A.  Nicholson,  M.D.,  D.Sa,  F.G.S. 

The  Stockdale  Shales  extend  in  an  E.N.E.-W.S  W.  direction 
across  the  main  part  of  the  Lake  District,  parallel  with  the  under- 
lying Coniston  Limestone  Series  and  the  overlying  Coniston  Flags, 
with  both  of  which  they  are  conformable.  They  also  occur  in  the 
neighbourhood  of  Appleby,  and  in  the  Sedbergh  district.  They  are 
divisible  into  a  lower  group  of  black  and  dark  grey  and  blue  Grap- 
tolite-bearing  shales,  interstratified  with  hard  bluish-grey  mud- 
stones  containing  Trilobites  and  other  organisms,  and  an  upper 
group  of  pale  greenish-grey  shales,  with  thin  bands  of  dark  Grap- 
tolitic  shales.  The  lower  group  (Skelgill  Beds)  are  well  seen  in  the 
stream  which  runs  past  Skelgill  Farm,  and  enters  Windermere  near 
Low  Wood ;  while  the  upper  group  (Browgill  Beds)  occurs  fully 
developed  in  the  Long  Sleddale  Valley,  and  its  beds  are  very 
fossiliferous  in  Browgill. 

The  authors  divide  these  shales  into  a  series  of  fossil-zones  in  the 
following  order : — 

B6  2 

Ba  2  zone  of  Jfono^raptta  eritpus. 
Ba  1       „  „  turrieulatut, 

(he  5      „       Rattritei  maximut. 
A^  4       „       Ae%dtt»pi»  ertnaeeut. 
Ae  Z      „       Monograptm  tpinigtrui, 
Atf  2       „       Ampyx  alonientu, 
Ac  1  MonograpluM  Clingani  band. 
Kb  6  Barren  band. 
kb  5  zone  of  Monograptut  eonvolutus. 


^Browgill  Beds 
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Fh€tenps  glaber. 
Monograptus  argenteui. 
Enerinurua  punetatug, 
MonograptuM  Jinthriatut, 
Dimarphograptus  confertut, 
Diplograptti*      aeuminattu 
Atrypa  JUxuosa, 

Of  these  zones,  the  lowest  varies,  occurring  as  a  thin  Limestone 
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in  Skelgill,  with  Airifpa  Jletntoaa,  n.8p.,  and  as  Graptolitio  ahale  at 

Browgill  with  DiplograptuB  aeuminatus,  Nioh.     The  others  appear 

to  run  persistently  aoross  the  district,  with  the  exception  of  the 

zone  of  Bastrites  maximtis,  which  has  only  heen  discovered  in  the 

Sedhergh  area.    The  thicknesses,  lithological  characters,  and  fossil 

contents  of   these  zones  were  considered,  and  comparisons  made 

between  these  beds  and  the  corresponding  deposits  of  other  areas. 

The  whole  group  attains  a  thickness  of  from  250  to  400  feet,  of 

which  the  Skelgill  beds  usually  make  np  about  one  quarter. 

The  authors  correlate  the  Oraptolite-zones   with   those  of  the 

Birkhill  and  Bala  groups  of  Professor  Lapworth  as  follows : — 

Lake  District.  South  of  Scotulvd. 

Zone  of  MonograptuB  eritpui s     Zone  of  M»  exigwu, 

„         ,,    turrieulatui  Not  separated. 

„      Jiatlritet  maximut 8     Zone  of  i2.  ffuurtMift. 

MoHograptus  Clingani  band  ]  "          "  Mfmograptui  tptmgeruB. 

Not  represented  P    ,,  FHaiograptut  eomeU, 

Zone  of  Monograptui  eonvolutut..  \ 

„               „               argentetu,,  j  s           ,,  M.  grtgariu*. 

„  ,,  Jlmbriatus,  ) 

, ,    DimorphograptuM  amftrtui  s           „  DiplograptM  vetiettloim. 

„     JDiplograptus  acuminaiuM.,,  ss           ,,  J),  acuminaiUM. 

The  zones  of  Jlf.  convolutus,  M.  argenteuSf  and  Jf.  fimbriaius  contain 
abundance  of  M.  gregarius,  and  the  zone  of  Dimorphograptus  eonfertu$ 
also  contains  Diplograptus  veaiculoaue  in  considerable  numbers. 

The  beds  were  also  compared  with  the  corresponding  beds  in 
Sweden,  Bohemia,  Bavaria,  etc.,  and  the  fossils  other  than  Grapto- 
lites  were  shown  to  occur  elsewhere  in  strata  of  Llandovery- 
Tarannon  age,  from  which  it  was  concluded  that  the  Stockdade 
Shales  occupy  that  horizon. 

A  fault  occurs  everywhere  between  the  Middle  and  Lower  Skelgill 
Beds,  except  perhaps  in  the  Sedhergh  district ;  but  it  does  not  seem 
to  cut  out  a  great  thickness  of  rock,  and  the  authors  gave  reasons 
for  supposing  that  it  was  produced  by  one  set  of  beds  sliding  over 
the  other  along  a  plane  of  stratification. 

The  beds  are  found  to  thicken  out  in  an  easterly  direction,  and  the 
possibility  of  the  existence  of  land  in  that  direction  was  suggested. 

The  authors  directed  attention  to  the  importance  of  the  Graptoli- 
toidea  as  a  means  of  advancing  the  comparative  study  of  the  stratified 
deposits  of  Lower  Palaeozoic  age. 

A  description  was  given  of  the  following  new  species  and 
varieties: — Phacops  elegans,  Boeck  &  Sars,  var.  glaher,  Cheirurus 
himucronatuSf  Muroh.,  var.  acanthodes,  Cheirurus  moroides,  Acidaspit 
erinaceuSf  Harpes  judexy  H,  angusius,  Ampyx  aloniensia,  Proitus 
hraehypyguSf  and  Airypa  flexuosa, 

2.  **  On  the  Eruptive  Rocks  in  the  Neighbourhood  of  Sam,  Caer- 
narvonshire."    By  Alfred  Harker,  M.A.,  F.G.S. 

The  rooks  in  question  occupy  an  area  about  5f  miles  long  from 

north  to  south  and  2^  miles  broad  near  the  south-western  extremity 

of  Caernarvonshire.     They  were  described  by  the  author  under  the 

following  heads :  — 

(i.)  Granite  occupying  ttie  iiOTV\iftx\i  wA  XLOt^-'v^sJvwCTi^^w.t  of 
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the  district.  The  ordinary  type  is  a  fairly  normal  biotite-granite ; 
but  a  variety  at  MeiUionydd  shows  an  ezoeptional  structure,  the 
biotite  moulding  the  other  constituents  in  ophitic  fashion.  The 
granites  are  intrusive  in  the  Arenig  shales. 

(ii.)  Gabbro,  diorite,  eta,  in  two  small  patches  only.  The  rock, 
originally  a  gabbro,  passes  into  diorite,  the  diallage  becoming  am- 
phibolized,  and  the  iron-ores  disappearing  with  the  production  of 
granular  sphene.  Near  a  bounding-fault  this  hornblendio  rock 
becomes  locally  schistose  and  gneissic. 

(iiL)  Diabase,  in  the  centre,  forming  the  mass  of  Mynydd-y- 
Bhiw,  and  occurring  in  dykes  and  sheets  near  Sam. 

(iv.)  Hornblende-diabase  showing  various  relations  between  the 
augite  and  hornblende.  Besides  the  conversion  of  the  former 
mineral  to  the  latter,  a  closely  similar  hornblende  has  grown  as 
an  original  border  to  augite-nuclei.  The  ''  secondary-enlargement " 
of  hornblende-crystals  is  also  exhibited. 

(v.)  Hornblende-picrite  in  several  varieties,  forming  stratiform 
banks  to  a  thickness  of  250  feet,  and  surmounted  by  hornblende- 
diabase.  The  two  rocks  seem  to  be  in  close  relation  to  one  another, 
and  to  have  been  injected  as  laccolites  between  the  Upper  Arenig 
strata  near  Penarfynydd  and  Bhiw. 

(vi.)  Dolerite-dykes  cutting  all  the  other  rocks,  and  probably 
Poet-Carboniferous  and  Pre-Permian. 

With  the  exception  of  the  last,  all  these  rocks  were  referred,  on 
such  evidence  as  is  available,  to  the  Bala  age. 

n.— May  23,  1888.— W.  T.  Blanford,  LL.D.,  F.R.S.,  President, 
in  the  Chair. — The  following  communications  were  read  : — 

1.  **  On  the  Spheroid-bearing  Granite  of  Mullaghderg,  Co.  Donegal." 
By  Frederick  H.  Hatch,  Ph.D.,  F.G.S.  Communicated  with  the 
permission  of  the  Director- General  of  the  Geological  Survey. 

This  paper  deals  with  a  remarkable  variety  of  granite  which  may 
be  compared  with  the  well-known  orbicular  diorite  or  Napoleonite  of 
Corsica.  According  to  Mr.  J.  R.  Eilroe,  of  the  Geological  Survey  of 
Ireland,  who  first  discovered  this  interesting  rock,  the  concretionary 
balls  occur  in  close  juxtaposition  in  a  mass  of  granite  of  5  or  6  cubic 
yards  in  size.  They  have  not  been  found  in  any  other  portion  of  the 
granite  area. 

The  author  first  gave  a  detailed  description  of  the  microscopic 
structure  of  the  normal  granite.  It  is  a  coarse-grained  rock,  com- 
posed essentially  of  quartz,  orthoclase,  microcline,  oligoclase,  greenish 
hornblende  and  black  mica.  Sphene  is  an  accessory  constituent. 
Since  it  contains  no  white  mica,  the  rock  belongs  to  that  subdivision 
of  granite  which  has  been  termed  granitite.  A  description  of  the 
spheroidal  bodies  was  then  given.  The  balls  are  somewhat  flattened, 
the  greatest  diameter  being,  in  one  case,  4  inches,  the  smallest  3. 
Each  ball  consists  of  two  distinct  parts,  a  pinkish  central  portion 
(the  nucleus)  and  a  dark-coloured  peripheral  or  zonal  portion  (the 
shell).  The  nucleus  consists  of  an  irregular  granitic  aggregate  of 
oligoclase  felspar  with  a  little  interstitial  quartz.    The  ^rvf^h<^t^ 
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shell  18  composed  chiefly  of  oligoclase,  hut  also  containg  ahundant 
in^oladed  plates  of  hiotite,  and  over  12  ^/^  of  magnetic  iron-ore.  It  is 
to  the  presence  of  the  last- mentioned  mineral  that  the  zonal  portiou 
owes  its  dark  colour.  By  means  of  a  Sonstadt's  solution  the  oligo- 
clase  was  isolated  and  analyzed  with  the  following  results : — 

SiO,  s  60*99 

AlfO,  «=  25-56 

CaO  r=  4*88 

Na^O  =  7*73  * 

Loss  on  ignition  ss  -84 

100-00 
8p.  Gr.     =     2-649. 

This  is  the  composition  of  an  oligoclase  of  the  formula  Ab,An. 

The  felspar  of  the  zonal  portion  is  disposed  radially,  the  iron-ore 
radially  and  concentrically,  while  the  mica  appears  to  obey  no  fixed 
law  of  arrangement. 

A  synopsis  of  the  literature  concerning  the  occurrence  of  similar 
concretionary  bodies  in  granite  was  then  given,  the  following  authors 
being  referred  to : — Leopold  v.  Buch,  Gustav  Bose,  Allnaud,  Char- 
pentier,  Jok^ly,  von  Andrian,  Zirkel,  G.  W.  Hawes,  M.  de  Ejronst- 
schoff,  J.  A.  Phillips,  vom  Bath,  Fouqu6,  Halst,  Brogger,  and 
Backstrom. 

The  conclusion  the  author  arrived  at  from  a  consideration  of  the 
subject  was,  that  concretionary  bodies  occurring  in  granite,  may, 
according  to   the  mode   of  arrangement  of  their  oonstituents,  be 
divided  into  three  classes,  viz. : — 
-    1.  The  concretionary  patches  of  Phillips. 

2.  The  granospherites  of  Vogelsang, 
•    3.  The  belonospherites  of  Vogelsang. 

The  spheroids  from  Mullaghderg  belong  to  the  last-mentioned 
class.  They  must  be  regarded  as  concretions  formed,  during  the 
consolidation  of  the  granite  magma,  by  a  process  of  zonal  and  radial 
crystallization  around  an  earlier-formed  nucleus. 

2.  "  On  the  Skeleton  of  a  Sauropterygian  from  the  Oxford  Clay, 
near  Bedford."     By  E.  Lydekker,  Esq.,  B.A.,  F.G.S. 

A  description  was  given  of  a  considerable  portion  of  the  skeleton 
of  a  Sauropterygian  from  the  Oxford  Clay  of  Eempston,  consisting 
of  several  upper  teeth,  most  of  the  mandible  (of  which  the  symphy- 
sial  region  is  entire),  a  considerable  number  of  vertebras  mainly 
from  the  **  pectoral "  and  dorsal  regions,  the  greater  portion  of  the 
two  pelvic,  and  fragments  of  the  pectoral  limbs,  and  a  considerable 
proportion  of  the  pectoral  and  pelvic  girdles.  These  remains  were 
referred  to  Plesiosaurua  philarchm,  Seeley,  and  the  various  parts 
described  in  detail. 

The  author  discussed  the  advisability  of  retaining  the  forms  de- 
scribed by  various  generic  names  by  Professor  Seeley,  under  the 
name  of  Plesiosaurus,  and  stated  his- intention  of  employing  the 
latter  term  in  its  widest  sense  for  the  present.  With  this  definition, 
the  form  under  consideration  was  shown  to  present  characters  inter- 
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mediate  between  those  of  Plesiosaurus  and  Pltosaurus,  bat  was 
retained  provisionally  in  the  former  genus.  Although  a  direct  link 
in  the  chain  connecting  the  two  genera,  P.  philarchus  was  not 
regarded  as  an  ancestor  of  Pliosaurvs,  since  teeth  undistinguishable 
from  those  of  the  latter  genus  occur  in  the  Coralline  Oolite. 

Finally  it  was  concluded  that  the  evidence  brought  forward  was 
sufficient  to  render  necessary  the  abolition  of  the  name  Pliosauridee, 
and  the  inclusion  of  Plesiosaurus  and  Pliosaurus  in  a  single  family. 

3.  "  On  the  Eozoic  and  Palsdozoic  Bocks  of  the  Atlantic  Coast  of 
Canada  in  comparison  with  those  of  Western  Europe  and  the  Interior 
of  America."    By  Sir  J.  W.  Dawson,  LL.D.,  F.R.S.,  F.G.S. 

The  author  referred  to  the  fact  that  since  1845  he  had  contributed 
to  the  Proceedings  of  the  Geological  Society  a  number  of  papers 
on  the  geology  of  the  eastern  maritime  provinces  of  Canada,  and  it 
seemed  useful  now  to  sum  up  the  geology  of  the  older  formations 
and  make  such  corrections  and  comparisons  as  seemed  warranted  by 
the  new  facts  obtained  by  himself,  and  by  other  observers  of  whom 
mention  is  made  in  the  paper. 

With  reference  to  the  Laurentian,  he  maintained  its  claim  to  be 
regarded  as  a  regularly  stratified  system  probably  divisible  into  two 
or  three  series,  and  characterized  in  its  middle  or  upper  portion  by 
the  accumulation  of  organic  limestone,  carbonaceous  beds,  and  iron- 
ores  on  a  vast  scale.  He  also  mentioned  the  almost  universal  pre- 
valence in  the  northern  hemisphere  of  the  great  plications  of  the 
crust  which  terminated  this  period,  and  which  necessarily  separate 
it  from  all  succeeding  deposits.  He  next  detailed  its  special  develop- 
ment on  the  coast  of  the  Atlantic,  and  the  similarity  of  this  with 
that  found  in  Great  Britain  and  elsewhere  in  the  west  of  Europe. 

The  Huronian  he  defined  as  a  littoral  series  of  deposits  skirting 
the  shores  of  the  old  Laurentian  uplifts,  and  referred  to  some  rocks 
which  may  be  regarded  as  more  oceanic  equivalents.  Its  characters 
in  Newfoundland,  Cape  Breton,  and  New  Brunswick  were  referred 
to,  and  compared  with  the  Pebidian,  etc.,  in  England.  The  questions 
as  to  an  Upper  Member  of  the  Huronian  or  an  intermediate  series, 
the  Basal  Cambrian  of  Matthew  in  New  Brunswick,  were  discussed. 

The  very  complete  series  of  Cambrian  rocks  now  recognized  on 
the  coast-region  of  Canada  was  noticed,  in  connexion  with  its  equi- 
valency in  details  to  the  Cambrian  of  Britain  and  of  Scandinavia, 
and  the  peculiar  geographical  conditions  implied  in  the  absence  of 
the  Lower  Cambrian  over  a  large  area  of  interior  America. 

In  the  Ordovician  age  a  marginal  and  submarginal  area  existed 
on  the  east  coast  of  America.  The  former  is  represented  largely  by 
bedded  igneous  rocks,  the  latter  by  the  remarkable  series  named  by 
Logan  the  Quebec  Group,  which  was  noticed  in  detail  in  connexion 
with  its  equivalents  further  west,  and  also  in  Europe. 

The  Silurian,  Devonian,  and  Carboniferous  were  then  treated  of, 
and  detailed  evidenoe  shown  as  to  their  conformity  to  the  types  of 
Western  Europe  rather  than  to  those  of  America. 

In  conclusion,  it  was  pointed  out  that  though  the  great  systems  of 
formations  can  be  recognized  throughout  the  Northern  Hemispheres 
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tbeir  diviBions  must  differ  in  the  maritime  and  inland  regions,  and 
that  hard  and  fast  lines  should  not  be  drawn  at  the  confines  of  sys- 
tems, nor  widely  different  formations  of  the  same  age  reduced  to  an 
arbitrary  uniformity  of  classification  not  sanctioned  by  nature.  It 
was  also  inferred  that  the  evidence  pointed  to  a  permanent  con- 
tinuance of  the  Atlantic  basin,  though  with  great  chcmges  of  its 
boundaries,  and  to  a  remarkable  parallelism  of  the  formations 
deposited  on  its  eastern  and  western  sides. 

4.  "  On  a  Homblende-biotite  Rock  from  Dusky  Sound,  New 
Zealand."     By  Captain  F.  W.  Hutton,  F.G.S. 

The  rock  is  of  eruptive  origin,  and  is  associated  with  Archasan 
schists  and  gneisses.  It  is  compact,  crystalline,  of  a  dark-green 
colour,  and  sp.  gr.  3*00 — 3'07.  It  is  composed  of  two  minerals  m 
nearly  equal  proportions,  one  of  which,  a  black  mica,  has  the  two 
optic  axes  nearly  coinciding.  The  other  mineral  is  of  a  pale  bluisb- 
green  colour,  and  moderately  dichroic ;  it  shows  an  aggregate  polari- 
zation of  rather  coarse  grains,  with  here  and  there  distinct  crystals 
of  considerable  size.  Often  one  side  of  a  crystal  shows  a  single 
twin,  while  the  other  side  is  polysynthetic.  The  optical  characters 
are  those  of  the  monoclinic  system,  and  further  investigation  proves 
these  crystals  to  be  hornblende.  The  mineral  which  shows  aggregate 
polarization  is  either  crushed  hornblende  or  some  altered  form  of  it 


THE  CORRELATION  OP  MIDLAND  GLACIAL  DEPOSITS  WITH 

THOSE  OF  LINCOLNSHIRE. 

Sir, — It  is  certainly  very  desirable  that  the  Glacial  Deposits 
should  be  correlated  with  one  another,  but  I  do  not  think  any  reliable 
results  will  be  obtained  by  comparing  the  descriptions  and  conclu- 
sions which  have  been  published  by  Mr.  Deeley  and  myself.  We 
have  necessarily  looked  at  the  beds  from  different  points  of  view, 
and  I  had  hoped  that  Mr.  Deeley  would  have  made  himself  person- 
ally acquainted  with  the  tract  which  lies  between  the  areas  we  have 
respectively  studied  before  suggesting  anything  in  the  way  of  cor- 
relation. 

He  thinks  that  his  classification  into  Older,  Middle  and  Newer 
Pleistocene  might  be  adopted  for  Lincolnshire,  though  the  only 
"  Older  Pleistocene  *'  deposit  known  to  him  in  that  county  is  the 
quartzose  sand  of  Grelston.  He  suggests,  however,  that  some  of  the 
clays  classed  by  me  as  Newer  Glacial  may  really  be  older  than  the 
Chalky  Boulder  Clay,  and  he  apparently  finds  great  difficulty  in 
accepting  the  occurrence  of  such  Newer  Glacial  Beds  at  elevations 
approaching  400  feet.  I  will  only  reply  that  there  are  many  places 
where  he  may  walk  from  the  eastern  plain  to  the  top  of  the  Wold 
over  a  continuous  sheet  of  the  same  kind  of  Boulder  Clay  ;  but  when 
Mr.  Deeley  can  record  any  facts  which  seem  to  support  his  idea,  I 
shall  be  quite  ready  to  discuss  them. 

As  regards  the  Gelston  Sand,  I  must  point  out  that  this  is  an  out- 
lying  patch,  and  there  is  no  locol^xKvi^xi^iftV^^V^Qvr  whether  it  is  older 
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or  newer  than  the  Boulder-clay  east  of  Grantham.  Mr.  Deeley 
regards  it  as  older  because  the  material  is  similar  to  that  of  his  older 
Pleistocene  sands  ;  he  may  be  right,  but  neither  I  nor  my  colleagues 
have  found  any  deposits  elsewhere  in  Lincolnshire  which  could  be 
regarded  as  distinct  from,  and  older  than,  the  great  chalky  Boulder- 
clay. 

The  only  locality  where  any  great  mass  of  Glacial  gravel  exists 
is  around  Benuiworth,  near  Donnington,  and  this  will  be  described 
in  the  forthcomiug  memoir  on  Sheet  83  of  the  Geological  Survey 
Map.  There,  if  anywhere,  will  Mr.  Deeley  find  the  analogue  of  his 
Older  Pleistocene  ;  but  I  very  much  doubt  whether  clays  containing 
Pennine  detritus  ever  extended  so  far  to  the  east.  If  any  Older 
Pleistocene  deposits  existed  in  East  Lincolnshire,  I  should  expect 
them  to  be  rather  of  the  Cromer  than  of  the  Pennine  type. 

With  regard  to  the  marine  origin  of  the  Newer  Glacial  clays,  I 
would  call  attention  to  the  remarkable  deposits  near  Kirmington  in 
North  Lincolnshire,  where  laminated  loams  and  sands  containing 
perfect  shells  are  associated  with  Boulder-clay  of  the  Hessle  type  in 
such  a  way  as  to  lead  to  the  conclusion  that  they  all  belong  to  one 
group.  'Hiese  beds  were  carefully  studied  by  Mr.  0.  Reid,  and  it  is 
to  be  hoped  that  a  description  of  them  may  soon  be  published. 

The  most  surprising  statement  in  Mr.  Deeley's  article  is  that  many 
geologists  regard  the  glaciated  surfaces  beneath  the  Drift  of  Lancashire 
as  caused  by  large  icebergs  grating  along  the  bottom  of  a  sea  about 
1200  feet  deep  I  He  must  have  strangely  misunderstood  the  views 
of  those  who  believe  the  striige  to  have  been  caused  by  sea-ice,  and 
surely  a  little  consideration  will  enable  him  to  see  that  every  single 
striated  surface  might  have  been  glaciated  in  shallow  water  during 
the  progress  of  a  gradual  submergence.  I  certainly  never  heard  of 
any  one  who  supposed  that  no  such  action  occurred  till  the  water  was 
1200  feet  deep. 

Mr.  Deeley  has  done  good  work  in  the  Midlands ;  let  me  recommend 
him  to  take  his  note-book  into  Lincolnshire,  and  when  he  publishes 
his  observations,  to  keep  his  facts  rigidly  apart  from  his  theories. 

Shirley,  Southampton.  A.  J.  Jukbs-BbOWNE. 


DISCOVERY  OF  LOWER  CARBONIFEROUS  BEDS  IN  UPPER  EGYPT. 

Sib, — The  discovery  of  Lower  Carboniferous  beds  in  the  wild 
region  between  the  Nile  and  the  Gulf  of  Suez  adds  a  new  feature  of 
interest  to  the  Geology  of  Egypt.  The  announcement  is  contained 
in  a  memoir  by  Dr.  Schweinfurth,  of  Cairo,  of  which  he  has  been 
kind  enough  to  forward  me  a  copy  containing  the  result  of  an  ex- 
ploration by  himself  and  M.  Walther,  of  Jena,  into  the  valley  of  the 
Arabah,  and  communicated  to  the  Egyptian  Institute.*  At  first  I  was 
somewhat  startled  by  the  title  and  the  early  pages  of  the  memoir,  as 
the  members  of  the  Expedition  of  the  Palestine  Exploration  Society 
(1888 — 4)  had  failed  to  notice  any  Carboniferous  beds  in  the  Wiidi 
Arabah,  at  the  head  of  the  Gulf  of  Akabah,  until  we  lighted  upon 

1  *'  Sur  une  recente  Exploration  G6ologique  de  TOoadi  Arabah/'  LeCaire,  1888. 
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tbem  at  Lebrusch,  on  the  flanks  of  the  Moabite  hills  above  the  shore 
of  the  Dead  Sea.  I  supposed,  therefore,  that  Dr.  Schweinfurth  had 
found  what  we  had  failed  to  notice.  But,  on  reading  further,  the 
matter  was  set  at  rest  It  is  somewhat  unfortunate,  and  tending  to 
confusion,  that  there  are  two  Arabah  valleys,  one  in  the  eastern  part 
of  upper  Egypt,  opening  out  on  the  Gulf  of  Suez,  and  the  other  con- 
necting the  Gulf  of  Akabah  with  the  Dead  Sea  and  Jordan  Valley. 
The  former  is  that  referred  to  by  the  African  explorer,  and  is  of 
special  importance  as  helping  to  connect  the  geology  of  the  Upper 
Kile  Valley  with  that  of  Arabia  Petrsea.  Dr.  Schweinfurth  recog- 
nizes the  identity  of  the  beds  he  describes  with  those  of  the  Wadi 
Nash  in  the  Sinaitic  Peninsula,  where  limestone  containing  fossils 
of  Carboniferous  Limestone  age,  first  discovered  by  Mr.  Bauerman, 
are  interposed  between  crystalline  rocks  and  sandstones  and  other 
strata  of  Cretaceous  age.  These  beds  were  afterwards  examined  by 
Col.  Sir  Charles  Wilson  and  by  the  Members  of  the  Expedition  of 
1883 — 84,  and  the  fossils  brought  home  by  them  were  determined 
by  Prof.  Sollas,^  Of  this  identification  of  the  beds  of  the  Wadis  Nasb 
and  ^rabah  there  can  be  no  question,  as  the  genera  of  the  fossils  are  in 
most  oases  identical,  and  the  species  characteristically  Carboniferous. 
The  following  is  a  section  of  the  beds  in  the  escarpment  of  the 
southern  flank  of  the  plateau  of  north  Galala,  descending  to  the 
bottom  of  the  Wadi  Arabah,  in  Upper  Egypt,  as  given  by  Dr. 
Schweinfurth : — 

Sominit  of  Escarpment ;  1400  m.  above  the  sea. 
800  m. — Terraines  Tertiaires  du  Parisien. 
200  m. — Terraines  Tertiaires  Londinien  (?}. 

200  m. — Banks  of  debris  covering  Cretaceous-beds  of  Stages  Up.  and  Zr,  Senonien, 
50  m. — Argillaceous  and  Marly  ochreous  Limestone  and  sandy  beds  with  AmmoniUt, 
Senonien  inferitur. 
250  m. — ^Escarpment    of   red  Nubian  Sandstone.     {Terraint   Oretacis  tTineerUutti 
e  tapes) . 

(Geat  Geological  hiatus.) 
2  m. — Dark   Sandstones  with  silicified  wood  {Araueariaxylon),     Lower  Carboni' 

/iroiu, 
and  soft  Sandstones  and  Marls,  with  fragments  of  Crinoids,  and 
Spiriffera, 
1  m. — Bed  of  hard  blue  Limestone— with  Crinoids^  ProdueitUj  Spirifer,  etc— ' 
(Carboniferous  Limestone). 
40  m. — Marls  and  Sandstone  partly  fossiliferous. 

Lower  Carboni/etout, 
(Details  of  beds  below  this  not  given.) 

Gbolooical  Surtbt  Office,  Dublin,  23  May,  1888.  E.  H. 


THE  ATMOSPHERE  OF  THE  COAL  PERIOD. 

Sir, — From  the  silence  of  your  reviewer,  I  presume  that  he  is 
unable  to  verify  the  assertion  so  often  made  that  experiments  had 
proved  the  improbability  of  plants  living  in  an  atmosphere  contain- 
ing an  excess  of  carbonic  acid.  As  I  before  remarked,  very  few 
definite  experiments  had  been  made  besides  the  one  I  have  quoted 
in  my  work.     I  might,  however,  have  referi'ed  to  those  made  by 

^  * '  Physical  Geology  of  Arabia  Petrsea  and  Palestine,"  Mem.  Palestine  Exploration 
Fund,  p.  48, 
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Daubeny  in  his  Reports  to  the  British  Association  1847 — 1850, 
**  On  the  Influence  of  Carbonic  Acid  Gas  on  the  Health  of  Plants, 
especially  to  those  allied  to  two  Fossil  Remains  found  in  the  Coal- 
formation."  These,  although  wanting  in  definite  measures  and  not 
embracing  the  whole  field  of  inquiry,  are  of  great  value  so  far  as 
they  go,  as  they  confirm  at  all  events  the  possibility  of  the  original 
suggestion  of  Brongniart  with  respect  to  the  condition  of  the  atmo- 
sphere during  the  Coal  Period. 

Daubeny  showed  that  Lycopodium  continued  during  five  weeks  in 
perfect  health  in  an  atmosphere  containing  5  per  cent,  of  carbonic 
acid,  though  species  of  Adiantum  appeared  less  thriving  than  the 
corresponding  plants  not  so  treated,  but  that  20  per  cent,  of  carbonic 
acid  proved  injurious  in  two  or  three  days.  He  also  found  that 
Frogs  and  Newts  did  not  appear  to  suffer  in  an  atmosphere  containing 
5  per  cent,  of  the  gas.  This,  however,  is  a  proportion  quite  excessive 
and  perfectly  unnecessary  for  the  object  in  view,  and  is  therefore 
beyond  the  mark.  Nevertheless,  Daubeny  came  to  the  conclusion 
that  the  general  tenor  of  his  experiments  justified  him  ''in  inferring 
that  there  is  nothing  in  the  organization  of  those  plants  and  animals 
of  the  present  day  which  appear  most  nearly  allied  to  such  as  were 
in  existence  during  the  Carboniferous  epoch,  or  even  somewhat 
subsequent  to  that  period,  militating  against  the  probability,  that  a 
larger  amount  of  carbonic  acid  may  have  been  present  in  the  atmo- 
sphere and  diffused  throughout  the  waters  of  the  sea  and  rivers,  than 
is  found  either  in  the  one  or  the  other  at  the  present  time ;  nor  is 
there  anything  to  prevent  us  from  imagining  that  the  absorption  of 
carbon  by  vegetables  and  the  consequent  rapidity  of  their  growth 
may,  at  least  within  certain  limits,  have  borne  some  proportion  to  the 
greater  amount  of  carbonic  acid  assumed  to  have  been  present  at 
earlier  periods  in  the  history  of  our  globe." 

Joseph  Pbestwich. 


THE  GEOLOGY  OF  MYNYDD  MAWR. 

Sib, — I  have  been  much  interested  in  Mr.  Harker's  description  of 
the  rocks  of  Mynydd  Mawr  and  the  Nan  tile  Valley.  His  observations 
on  the  cleavage  structure  round  the  intrusion  point  it  out  as  a  great 
'*  eye,"  whose  main  axis  runs  parallel  to  the  cleavage  of  the  district. 
Last  year,  while  endeavouring  to  work  out  the  structural  relations 
of  the  mass,  I  paid  considerable  attention  to  all  the  junctions,  especially 
those  along  the  S.£.  flank.  These  are  everywhere  of  an  obviously 
intrusive  character,  the  "  quartz- porphyry  "  frequently  transgressing 
upon  the  bedding  of  the  slates.  The  main  difficulty  about  the  junction 
to  me  was  that  in  some  places  the  slates  dipped  under  the  intrusive 
mass,  while  in  others  they  dipped  off  it.  But  I  found  one  section  in 
which  the  bedding  rose  vertically,  and  then  bent  outwards  at  an  angle 
of  45^  the  porphyry  in  the  upper  part  resting  on  the  slate.  Probably 
this  relation  of  the  two  rocks  frequently  exists  round  the  hill,  the 
lines  of  rock  flowing  (if  we  may  use  the  term)  round  the  intrusion 
not  only  in  a  horizontal  but  also  in  a  vertical  direction. 

UiavsBsiTT  MusBxm,  Oxford,  W.  W.  Watts. 
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PALuEONTOLOGICAL  NOMENCLATUEE. 

Sir, — Mr.  Jukes-Browne  and  myself  are  as  wide  asunder  as  the 
poles  in  our  wishes  with  regard  to  AmmoniieB ;  nor  does  be  agree 
with  Mr.  Haddow  in  his  method  of  using  the  trinomial  system.  As 
I  cannot  defend  my  numerous  sins  without  asking  for  more  space 
than  the  subject  warrants,  I  will  only  notice  one  or  two  points. 

I  did  not  know  the  form  of  the  mouth  was  so  potent  a  factor 
among  Ammonites,  My  method  is  to  try  and  trace  out  step  by  step 
the  descent  of  each  species,  and  to  arrange  them  accordingly.  I 
shall  not  place  in  one  and  the  same  genus  two  species  of  Inferior 
Oolite  Ammoniies,  one  of  which  has  descended,  say,  from  a  Lower 
Lias  JEgoceras,  and  the  other  from  a  Lower  Lias  Arietites,  however 
similar  they  may  be  in  mouth  or  otherwise,  although  Mr.  Jukes- 
Browne  thinks  it  would  not  be  wrong.  I  disagree ;  and  so  the  iame 
genus  will  not  include  the  descendants  of  two  distinct  genera. 

I  agree  with  Mr.  Jukes-Browne  that,  instead  of  amplifying  an  old 
system,  it  had  been  better  to  start  afresh.  The  MS.  to  correct  this 
has  been  written  some  time.  Still  his  objection  overshoots  the  mark. 
No  one,  I  imagine,  in  naming  the  Sparrow  would  begin  with  Aves 
and  end  with  InsessoreSy  Conirostres,  Fringillida,  Passer  damestietu. 

Mr.  Jukes-Browne  does  not  answer  the  point  of  my  question,  viz. 
about  comu,  and  does  not  attempt  lAoeeras. 

Stonshoubb.  S.  S.  BUOKICAN. 


PARKINSON'S   "  OKGANIC  REMAINS." 

Sib, — Can  you  or  any  of  the  readers  of  the  Geological  Maoazini 
tell  me  the  date  of  the  sale  of  the  Collection  of  Fossils  formed  by 
James  Parkinson,  the  author  of  **  Organic  Eemains,"  as  I  wish  to 
find  some  account  of  this  sale  in  the  literature  of  the  time.  From 
an  examination  of  the  "  Sowerby  Mineral  Conchology  "  collection 
in  the  British  Museum  of  Natural  History,  I  am  led  to  suspect 
that  some  of  Parkinson's  fossils  had  already  been  acquired  by 
Sowerby,  and  if  this  really  is  so,  these  specimens  will  have  a  doable 
interest. 

C.  Dayiss  Sdkbbobm. 

640,  KiNo'8  Road,  S.W., 
2l8t  June,  1888. 
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I. — The  Jokdait-Arabah  Depresston  and  the  Dead  Sea. 

By  Israel  C.  Russbll, 

Of  the  United  States  Geological  SurverJ Appalachian  Diyision  of  Geology), 
Department  of  the  Interior,  Waslimgton,  D.C.,  U.S.A. 

ri^HE  following  account  of  the  geology  of  the  Dead  Sea  basin 
X  has  been  compiled  from  the  observations  of  others,  and  I  am 
especially  indebted  in  this  connection  to  H.  J.  Johnson,  Geologist 
of  the  United  States  Expedition  to  the  Dead  Sea,^  to  Professor 
Louis  Lartet,  Geologist  of  the  Due  de  Luynes*  Expedition  to  the 
same  region,'  and  to  Prof.  Edward  Hull,  F.R.S.,  Director  of  the 
Geological  Survey  of  Ireland,  who  visited  Arabia  Petraea  and 
Palestine  in  1883-84,  under  the  auspices  of  the  Committee  of  the 
Palestine  Exploration  Fund.'  Besides  these  observers,  who  devoted 
their  attention  specially  to  the  geology  of  the  regions  traversed  during 

'  This  Expedition  Tisited  Palestine  in  1848,  under  direction  of  Lieut.  W.  S.  Lynch. 
Among  its  more  important  contributions  to  science  was  the  measurement,  by  means 
of  the  spirit  level,  of  the  depression  of  the  surface  of  the  Dead  Sea  beluw  the  level 
of  the  Mediterranean,  the  exploration  of  the  River  Jordan  from  the  Sea  of  Galilee  to 
its  mouth,  and  the  determination,  by  sounding,  of  the  depth  of  the  Dead  Sea.  The 
results  of  this  Expedition  were  published  in  '*  Official  Report  of  the  United  States 
Expedition  to  the  Dead  Sea  and  the  River  Jordan,*'  by  Lieut.  F.  W.  Lynch,  U.S.N., 
Baltimore,  1852;  4 to.  pp.  1-236,  pi.  17,  and  a  map.  Also  in  **  Narrative  of  the 
United  States  Expedition  to  the  Dead  Sea,"  by  F.  W.  Lynch,  U.S.N.,  Philadelphia, 
1849 ;  8vo.  pp.  i-xx,  1-508,  pi.  28,  and  two  maps. 

'  This  Expedition,  fitted  out  and  directed  by  the  Due  de  Luynes,  visited  Palestine 
and  the  adjacent  regions  in  1864 ;  its  scientific  results  include  important  contributions 
to  geology  and  palaeontology,  and  a  study  of  the  chemistry  of  the  waters  of  the  Dead 
Sea.  I^reliminary  publications  of  the  results  of  Louis  Lartet's  observations  while 
connected  with  this  Expedition,  appeared  in  the  '*  Annales  des  Sciences  G6ologiques" 
for  1869  and  1872.  The  final  report  is :  **  Voyage  d' Exploration  ^  la  Mer  Morte,*' 
par  M.  le  Due  de  Luynes,  Tome  Troisi^me,  "  G6ologie "  (Paris,  1877),  4to. 
pp  i-vi,  1-326,  pi.  1-14. 

'  The  report  of  the  ^ological  observations  made  during  this  Expedition  has 
recentlj  ap{>eared,  and  is  an  important  and  highly  interesting  contribution  to 
geological  science.  Its  title  is  :  **  Memoir  on  the  Geology  and  Geography  of  Arabia 
retraea,  Palestine,  and  adjoining  districts.'*  Published  for  the  Committee  of  the 
Palestine  Exploration  Fund,  London  [?],  1886.  4to.  pp.  i-viii,  1-145,  pi.  3,  and 
three  maps.  A  narrative  of  this  expcKiition  by  the  same  author,  scarcely  less 
important  than  the  final  report,  is  entitled :  "  Mount  Seir,  Sinai,  and  Western 
Palestiiiey  being  a  narrative  of  a  scientific  expedition,"  1883-84,  London,  1885. 
8vo.  pp.  i-vi,  1-227,  pi.  1-13,  and  two  maps. 
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their  several  expeditions,  the  writer  is  under  obligations  to  the 
Ordnance  Survey  of  Palestine,  and  to  many  observant  travellers, 
including  Condor,  Fraas,  Tristram,  Wilson,  and  others,  for  many 
interesting  details  and  attractive  descriptions  concerning  the  regions 
to  which  it  is  desired  to  direct  the  reader*s  attention. 

The  similarity  between  the  recent  geological  history  of  the  Dead 
Sea,  and  the  area  of  interior  drainage  in  America  known  as  the 
"  Great  Basin,"  with  which  I  have  some  familiarity,  is  so  marked 
that  I  venture  to  offer  a  few  suggestions  and  hypotheses,  which  will, 
perhaps,  be  of  interest  to  those  who  may  continue  the  study  of  the 
Gkology  of  Palestine  and  adjacent  regions.  I  have  also  inserted 
a  brief  account  of  certain  lake-shore  phenomena,  which  have  proved 
of  great  value  in  interpreting  the  ancient  histories  of  several 
American  lakes,  which  are  comparable  in  many  ways  with  the 
Dead  Sea. 

• 

Physical   Geology  of  the  Dead   Sea  Begton, 

On  the  west  side  of  the  abrupt  valley  in  which  the, Sea  of  Gralilee, 
the  valley  of  the  Jordan,  the  Dead  Sea,  and  the  Wady  Arabah— 
termed  the  Jordan- Arahah  depression — are  situated,  lies  the  table 
land  of  Jud83a,  and  the  extension  southward  of  the  same  physical 
feature  known  as  the  plateau  of  the  Tih.  The  general  elevation 
of  this  extensive  table  land  is  about  2000  feet  above  the  Mediter- 
ranean, with  occasional  eminences  attaining  a  height  of  from  2500 
to  3000  feet.  On  the  east  it  breaks  off  in  an  abrupt  escarpment, 
which  forms  the  western  boundary  of  the  Jordan- Arabah  depression. 
This  depression  is  bounded  on  the  east  by  an  escarpment  still  more 
rugged  and  of  a  greater  elevation  than  on  the  west.  The  eastern 
wall,  like  the  western,  exposes  the  edges  of  strata  which  form  a  vast 
plateau,  known  east  of  the  Jordan  as  the  table  land  of  Moab,  having 
a  general  surface  level  of  about  3000  feet,  and  farther  south  as  the 
table  land  of  Edom,  the  general  elevation  of  which  is  about  4000 
feet  above  the  ocean.  The  Moab-Edom  plateau  stretches  far  to  the 
eastward,  with  but  little  change  in  its  physical  features,  and  merges 
with  the  Syrian  and  Arabian  deserts,  but  is  not  again  broken  by 
a  sunken  area  similar  to  that  holding  the  Dead  Sea. 

llie  depression  separating  the  plateaux  we  have  mentioned  is  from 
five  to  nine  miles  broad,  and  extends  in  an  approximately  north 
and  south  direction  from  the  base  of  Mount  Hermon  at  the  north  to 
the  Red  Sea  at  the  south,  a  distance  of  fully  375  miles.  Its 
southern  end  is  occupied  for  about  100  miles  by  the  waters  of  the 
Gulf  of  Akabah.  1'lie  length  of  the  Jordan- Arabah  depression 
proper  is  nearly  250  miles,  its  southern  terminus  being  at  the  water- 
shed between  the  Wady  Arabah  and  the  drainage  which  finds  it« 
way  toward  the  Gulf  of  Akabah. 

Considering  general  features  simply,  there  are  two  elevated  table 
lands  in  the  south-western  part  of  Asia  Miuor,  separated  by  a  deep, 
narrow  depression  or  fault  valley,  which  is  paitially  filled  by  the 
Dead  Sea. 
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Origin  of  the  Jordan-Arahah  Depression. 

The  observations  of  Hull,  Lartet,  Tristram,  and  others,  have 
shown  that  this  depression  has  been  produced  by  a  fault.  In  other 
words,  it  is  due  to  a  fracture  in  the  rocks  forming  the  adjacent  table 
lands,  accompanied  by  a  subsidence  of  the  strata  on  the  west  side  of 
the  fracture  in  relation  to  the  broken  edges  of  the  corresponding 
beds  on  the  east.  The  amount  of  this  displacement  is  not  accurately 
known,  and  no  doubt  varies  at  different  portions  of  the  fault  line, 
but  is  certainly  several  thousand  feet.  Judging  from  the  sections 
published  by  Hull,  5000  or  6000  feet  would  be  a  reasonable 
minimum  estimate.  This  great  fracture  follows  the  base  of  the 
escarpment  bordering  the  Jordan-Arabah  depression  on  the  east, 
and  passes  beneath  the  Dead  Sea  near  its  eastern  shore.  Its  full 
linear  extent  is  not  known,  but  it  has  been  traced  by  Hull  and  others 
for  perhaps  150  miles.  Its  course  is  somewhat  irregular,  and 
numerous  branches  or  secondary  faults  are  connected  with  it,  but  its 
general  bearing  throughout  its  entire  course  is  a  few  degrees  east 
of  north.  The  hade  of  the  fault  plane  has  not  been  definitely 
determined  at  any  locality  so  far  as  we  can  ascertain,  but  is  repre- 
sented in  sections  published  by  various  geologists  as  dipping  toward 
the  thrown  block  at  a  high  angle ;  that  is,  it  is  considered  as  a 
normal  fault,  in  distinction  from  reversed  faults,  in  which  the  hade 
is  toward  the  upthrow. 

The  strata  composing  the  plateaux  adjacent  to  the  Dead  Sea  fault 
have  been  but  little  disturbed  except  in  proximity  to  the  line  of 
fracture,  and  over  large  areas  are  nearly  horizontal.  The  rocks 
forming  these  plateaux  are  Cretaceous  limestones  and  sandstones, 
resting  on  rocks  of  the  Carboniferous  system,  which  in  their  turn 
are  underlain  by  metamorphic  strata  perhaps  of  Archean  age, 
together  with  igneous  rocks  of  ancient  but  unknown  date.  Besides 
these  older  formations  there  are,  especially  in  the  neighbourhood  of 
the  Sea  of  Galilee,  volcanic  dykes  and  overflows  of  basaltic  lava  that 
are  geologically  recent 

The  formation  of  the  Jordan-Arabah  depression,  although  due  to 
a  violent  fracturing  of  the  earth*s  crust,  cannot  be  considered  as 
having  been  formed  suddenly  at  a  single  great  catastrophe,  but, 
judging  from  what  we  know  of  the  formation  of  similar  faults  in 
other  regions,  must  have  been  of  slow  growth,  accompanied  by  many 
earthquakes,  and  may  perhaps  be  still  increasing  its  displacement. 
The  numerous  earth  tremors  felt  in  Palestine  during  the  present 
century  may  possibly  owe  their  origin  to  slight  slips  along  this  line 
of  fracture. 

Lakes  in  the  Dead  Sea  Basin. 

The  lacustrine  history  of  the  Dead  Sea  basin  began  with  the  time 
when  the  fault  to  which  it  owes  its  origin  had  gained  sufficient 
dimensions  to  interrupt  the  previous  drainage  of  the  region.  This 
statement  is  made  on  the  supposition,  in  the  absence  of  evidence  to 
the  contrary,  that  the  south-western  part  of  Asia  Minor  was  a  land 
surface  at  the  time  the  fault  was  initiated. 
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The  date  of  the  beginning  of  ihis  independent  drainage  Bystem 
is  not  definitely  known.  It  was  post-Cretaoeous,  for  the  reason  that 
Cretaceous  rocks  form  its  walls.  That  it  existed  as  a  prominent 
topographic  feature  previous  to  the  Glacial  epoch  is  shown  by  its 
lacustrine  records,  taken  in  connection  with  the  history  of  adjacent 
regions  during  the  Quaternary  period.  Its  birth  must  therefore 
have  been  during  the  Tertiary  period.* 

The  best  estimate  that  can  be  made  at  present  of  the  extent  of 
the  hydrographic  basin  of  the  Dead  Sea  shows  that  it  occupies 
an  area  of  between  nine  and  ten  thousand  square  miles.  The  Dead 
Sea  is  about  274  square  miles  in  extent'  Consequently  the  ratio  of 
lake  surface  to  drainage  area  is  about  as  one  to  thirty-three.  The 
lowest  point  in  the  basin  is  depressed  2570  feet  below  the  level  of 
the  Mediterranean,  and  the  lowest  point  on  its  rim  is  285  feet 
above  the  same  datum  plain,  or  1577  feet  above  the  surface  of  the 
Dead  Sea.  It  is  evident  from  the  present  topography  that  this 
hydrographic  basin  must  have  held  a  lake  in  its  lowest  depression, 
either  continuously  or  at  intervals  during  humid  periods,  ever  since 
it  was  cut  ofif  from  oceanic  drainage. 

A  lake  occupying  the  Jordan- Arabah  depression,  like  all  inclosed 
lakes,  must  have  been  sensitive  to  climatic  changes,  and  could  its 
past  fluctuations  be  determined  in  terms  of  climate,  they  would 
furnish  a  geological  weather  record  of  unusual  value.  In  illustration 
of  this  it  may  be  observed  that  as  the  present  arid  climate  of  the 
Dead  Sea  basin  admits  of  the  existence  of  a  large  lake  in  its  lowest 
depression,  it  follows  that  only  during  periods  of  excessive  aridity 
could  the  ratio  of  evaporation  to  precipitation  be  increased  suffi- 
ciently to  cause  the  lake  to  disappear.  If  we  could  show,  therefore, 
that  the  Dead  Sea  was  evaporated  to  dryness,  or  was  greatly  con- 
centrated, at  any  period  in  its  history,  we  should  have  proof  of  tbe 
former  prevalence  of  an  unusually  arid  climate  in  Palestine  and 
adjacent  regions.  On  the  other  hand,  could  we  show  that  the  Dead 
Sea  once  had  a  much  greater  expansion  than  at  present,  it  would  be 
conclusive  evidence  of  a  former  period  of  greater  mean  humidity 
than  the  region  about  it  now  enjoys. 

The  fact  that  the  Dead  Sea  basin  has  been  long  isolated  is  in 
itself  sufficient  to  suggest  that  it  has  an  interesting  and  perhaps 
highly  complex  lacustrine  history.  Fortunately,  however,  we  have 
observation  as  well  as  hypotheses  to  help  us  in  this  connection. 
From  the  reports  of  many  explorers  we  know  that  the  shores  of  the 
Dead  Sea  and  the  borders  of  the  Jordan  valley  are  scored  with 
terraces,  and  that  lacustrine  sediments,  in  some  cases  charged 
with  the  shells  of  fresh  water  mollusks  and  at  other  times  inter- 
laminated  with  layers  of  salt  and  gypsum,  are  found  over  a  very 
large  area.  Sufficient  facts  of  this  nature  have  been  reported  by 
competent  observers  to  show  that  the  Dead  Sea  basin  has  a  record 

^  Hull  places  it  at  the  close  of  the  Eocene.    Geol.  and  Geog.  of  Arabia  Petrsa, 
Palestine,  etc.,  p.  108. 

2  Dcterminei  from  the  map  accompanying  the  narrative  of  the  U.S.  Expedition. 
Tbe  mean  depth  of  the  Dead  Sea  a&  cmtam^bd  tcom  the  same  map  is  500  feet. 
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of  unasual  interest  inBoribed  on  its  walls,  much  of  which  is  written 
in  such  bold  characters  that  he  who  runs  may  read. 

Before  considering  the  facts  that  are  available  in  reference  to  the 
former  climatic  condition  of  Palestine,  and  the  deductions  which 
legitimately  flow  from  them,  let  us  glance  briefly  at  the  nature  of 
the  records  to  be  looked  for,  in  order  to  interpret  the  lacustrine 
history  of  an  inclosed  drainage  area  of  the  nature  of  the  Dead 
Sea  basin. 

Lacustrine  Records. 

Sea-Cliff8. — Waves  breaking  along  a  shore  tend  to  undercut 
it  and  allow  the  material  forming  the  land  to  fall  from  above.  This 
process,  as  may  be  seen  on  every  shore,  produces  a  slope,  more 
or  less  abrupt,  which  is  termed  a  sea-clifif.  The  steepness  of  such 
slopes  depends  on  the  rate  of  cutting  and  on  the  nature  of  the 
material  removed.  When  the  work  of  the  waves  is  rapid,  and  the 
shores  are  formed  of  material  having  a  high  angle  of  stability, 
perpendicular,  or  even  over-hanging  cliffs  are  produced.  When  the 
wave  erosion  at  the  base  is  less  rapid  than  the  atmospheric  erosion 
at  the  top  of  a  cliff,  the  slope  is  less  abrupt.  The  height  of  cliffs 
produced  in  this  manner  varies  from  a  few  feet,  or  even  a  few  inches, 
up  to  many  hundred  feet.  Their  bases  are  horizontal,  and  at  the 
water  line  the  rock  is  frequently  eaten  away  irregularly,  so  as 
to  form  caves. 

Terbaoes. — Waves  and  currents  in  cutting  away  the  shores  which 
confine  them,  remove  the  material  brought  within  their  reach,  and 
as  their  work  progresses  landward,  form  a  horizontal  shelf  or  terrace. 
Such  a  terrace  is  bordered  on  the  landward  side  by  a  sea-cliff  which 
rises  above  it,  and  on  the  lakeward  side  by  a  downward  slope,  which 
is  usually  covered  to  some  extent  with  debris,  derived  from  the 
formation  of  the  terrace  itself.  Terraces  of  this  description  are 
horizontal  along  the  line  where  the  shelf  joins  the  sea-cliff,  and  slope 
from  this  line  gently  lakeward.  When  seen  in  profile,  they  appear 
as  a  notch  more  or  less  strongly  defined  on  the  slope  confining  the 
lake. 

Terraces  frequently  occur  at  many  horizons  on  the  shores  of 
inclosed  basins;  their  relative  strength,  other  things  being  equal, 
being  determined  by  the  length  of  time  the  water  lingered  at  each 
horizon.  When  the  waters  of  a  lake  are  withdrawn  or  greatly 
lowered,  the  records  of  their  former  levels  appear  from  a  distance 
especially  when  the  shores  are  steep,  as  horizontal  parallel  lines, 
drawn  on  the  borders  of  the  basin.  These  lines  follow  all  the 
irregularities  and  sinuosities  of  the  shore,  and  are  usually  strongest 
and  best  defined  on  promontories  and  on  coasts  facing  a  broad  water 
area.  At  the  heads  of  sheltered  bays,  even  in  the  case  of  lakes  of 
great  size,  both  terraces  and  sea  cliffs  are  sometimes  absent. 

A  terrace  of  excavation,  the  formation  of  which  we  have  just 
described,  marks  definitely  the  outline  of  the  water  surface  to  which 
it  owes  its  origin.  By  following  such  a  terrace  one  can  ascertain 
if  it  was  ever  broken  by  a  channel  of  overflow,  and  thus  in  the  case 
of  a  desiccated  lake  basin,  determine  one  of  the  most  important  points 
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in  its  history.  As  a  terrace  when  formed  is  level — with  certain 
slight  variations  due  mainly  to  the  action  of  the  wind  in  heaping  up 
waters  in  bays,  etc. — a  measurement  of  its  present  relation  to  a 
horizontal  plain  will  indicate  whether  or  not  it  has  been  deformed 
by  orographic  movement. 

The  terraces  described  in  the  preceding  paragraph  are  terraces  of 
excavation.  In  nature  we  find  terraces  of  construction  as  well. 
These  are  formed  of  the  debris  cut  away  from  the  shore  by  waves 
and  currents,  and  spread  out  as  a  belt  of  shingle  along  the  shore, 
resting  usually  on  a  cut  terrace.  The  combination  of  out  and  built 
terraces  is  the  most  common  of  lake-shore  records,  and  the  most 
easily  identified  in  abandoned  lake-basins. 

I'he  material  removed  from  the  shores  of  a  lake  during  the  catting 
of  its  marginal  terraces,  together  with  much  of  the  debris  contri- 
buted from  the  land  by  streams,  is  removed  more  or  less  completely, 
and  after  being  assorted  by  the  action  of  waves  and  currents,  is 
variously  distributed.  The  finer  portions  remain  in  suspension  for 
a  considerable  time,  and  may  be  carried  away  from  the  land,  and  on 
subsiding  contribute  to  the  sedimentation  of  the  basin.  The  coarser 
portions  consisting  of  sand,  gravel  and  boulders,  are  too  heavy  to 
be  floated,  and  therefore  remain  in  close  proximity  to  the  shore. 
This  material  is  swept  along  the  lake  margin  by  currents,  and 
finally  built  into  beaches,  barriers  and  embankments. 

Beaches. — In  the  formation  of  beaches  the  shore  debris  remains 
at  the  lake  margin  and  may  coincide  with  a  built  terrace,  as  pre- 
viously noted,  or  form  a  terrace  along  a  shore  where  no  excavation 
has  taken  place.  In  either  instance  the  material  composing  the  beach, 
usually  gravel,  is  in  motion,  especially  during  storms,  and  is  being 
carried  forward  to  where  barriers  and  embankments  are  forming. 

Bakriers. — On  lake  margins  of  gentle  declivity  ridges  of  gravel 
and  sand  are  formed  at  some  distance  from  the  shore,  but  connected 
at  their  extremities  with  terraces  or  beaches  from  which  the  material 
for  their  construction  is  derived.  The  surfaces  of  such  ridges  are 
horizontal  and  coincide  with  the  storm  limit  of  the  waves  and  cur- 
rents to  which  they  owe  their  origin.  They  follow  the  broader 
sweeps  of  lake  margins  but  not  minor  irregularities,  and  in  desiccated 
lake  basins  appear  like  railway  embankments.  They  frequently 
close  the  mouths  of  bays  so  as  to  shut  them  off  from  communication 
with  the  main  water  body,  thus  forming  lagoons. 

Embankments. — When  the  combined  action  of  waves  and  currents 
extends  a  barrier  into  deep  water,  an  embankment  is  formed,  which 
in  many  cases  becomes  of  very  grand  proportions.  In  the  formation 
of  embankments  the  debris  of  which  they  are  composed  is  swept 
along  the  surface  of  the  barrier  or  terrace  leading  to  them,  and 
deposited  when  deep  water  is  reached.  This  process  continues  until 
the  embankment  has  been  built  up  to  the  water  surface.  It  is  then 
prolonged  by  material  carried  along  its  crest  and  deposited  at  its 
distal  extremity.  Both  bars  and  embankments,  when  seen  in  cross 
Motion,  having  a  more  or  less  well-defined  anticlinal  structure.  An 
of  this  oharacter  is  termed  au  "  anticlinal  of  deposition."    The 
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elevations  of  the  horizontal  surfaces  of  barriers  and  embankments, 
iu  the  case  of  fossil  lakes,  famish  the  most  accurate  of  all  shore 
records  for  determining  former  water  levels. 

Deltas. — A  delta  formed  by  a  high  grade  stream,  when  seen  in 
section,  presents  a  well-marked  tripartite  structure.  The  middle 
member  consists  of  water-worn  gravel,  more  or  less  thoroughly 
assorted,  in  layers  sloping  lakeward  at  an  angle  corresponding  with 
its  angle  of  stability  in  water.  The  thickness  of  this  deposit  in- 
creases as  the  delta  is  advanced,  and  in  lakes  with  precipitous  borders 
may  become  several  hundred*  feet  deep  near  the  lakeward  margin. 
Beneath  the  inclined  gravels,  especially  in  the  case  of  deltas  that 
have  been  prolonged  some  distance  into  a  lake,  are  lacustrine  clays 
and  marls,  which  are  usually  crumpled  and  otherwise  deformed, 
owing  to  the  weight  of  the  mass  of  material  superimposed  upon 
them.  Above  the  inclined  gravel  is  a  deposit  of  unassorted  or 
irregularly  assorted  debris,  which  is  thinnest  toward  the  periphery 
of  the  delta  and  thickest  towards  its  apex.  The  history  of  the 
growth  of  a  delta  may  be  inferred  from  its  structure,  and  need  not 
be  described  here. 

We  have  not  attempted  even  a  sketch  of  all  the  features  of  lake 
shores  that  are  of  assistance  to  the  geologist  in  determining  the  history 
of  a  fossil  lake,  partially  for  want  of  space,  but  principally  for  the 
reason  that  an  exhaustive  analysis  of  lake-shore  phenomena  is 
already  accessible  to  the  student.^ 

Mbohanioal  Sediments  and  Chemical  Precipitates. — ^The  de- 
posits usually  formed  in  lakes,  as  is  well  known,  are  evenly  stratified 
clays  and  marls,  which  are  in  many  instances  charged  with  shells. 
When  lakes  are  without  outlet,  however,  and  become  saline  owing  to 
the  concentration  of  their  water  by  evaporation,  their  faunas  are 
exterminated  or  greatly  modified,  and  the  mineral  matter  held  in 
solution  is  precipitated  when  the  process  has  progressed  sufficiently. 
If  concentration  continues  without  interruption,  there  will  be  a 
regular  sequence  in  the  precipitates  formed,  beginning  under  normal 
conditions,  with  calcium  carbonate,  followed  by  calcium  sulphate, 
sodium  chloride  and  other  salts. 

Chemical  precipitates  originating  in  the  manner  mentioned  above 
may  be  deposited  on  the  sides  of  a  lake  basin  with  rocks  and  stones 
for  nuclei,  as  is  the  case  very  commonly  with  incrustations  of  cal- 
careous tufa ;  or  they  may  be  precipitated  generally  over  the  lake 
bottom  and  become  mingled  with  clays  and  marls  deposited  simul- 
t-aneously.  When  sedimentation  is  taking  place  but  slowly,  layers 
of  various  salts  may  attain  a  depth  of  many  feet,  and  should  uniform 
conditions  continue,  may  even  become  hundreds  of  feet  in  thickness. 
After  the  precipitation  of  saline  deposits  of  this  nature  a  lake  might 
expand  owing  to  a  climatic  change  and  be  freshened  either  on  account 
of  the  increase  in  supply,  or  by  the  waters  rising  sufficiently  to  find 
an  outlet,  and  thus  flood  out  the  previously  concentrated  brine. 
In  such  instances  the  beds  of  calcareous  tufa,  gypsum  and  common 

1  "The    Topographic  Features  of  Lake  Shores,"  hy  G.  K.  Gilbert,   in  Fifth 
Annual  Beportof  the  U.  S.  Geological  Surrey,  1883-84,  Washington^  1885. 
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salt  precipitated  during  the  period  of  concentration,  might  become 
buried  beneath  layers  of  marl  and  day  abounding  in  the  remains 
of  moUufiks  and  fishes. 

With  this  imperfect  lesson  on  what  is  taking  place  in  lakes  at  the 
present  day,  let  us  return  to  the  Dead  Sea. 

(To  be  coneluded  in  our  next  Xumber.) 


II. — WOODWARDIAN  MUSKUM  NoTES.     On  A  SpKOIMKH  OF  CrCLOPmUS 

(Brongniart.) 

By  Albert  C.  Sbward,  B.A.,  F.O.S., 

Foundation  Scholar  of  St.  John'i  College,  Cambridgv. 

(PLATE  X.) 

THE  specimen  of  which  I  give  below  a  brief  description  is  of 
some  interest  as  adding  to  the  store  of  facts  which  may  help 
us  in  the  elucidation  of  the  obscure  genus  Cyclopteris,  So  far  as  I 
know  such  large  Cyclopteris  leaves  have  not  been  previously  figured 
attached  to  a  rachis. 

The  described  specimen,  which  I  have  placed  in  the  Woodwardian 
Museum,  was  given  to  me  by  Blr.  Walter  Hemingway,  of  Barnsley, 
who  found  it  in  the  Upper  Coal-measures  of  Brierly  Common,  York- 
shire. When  first  seen  *  the  rachis  was  4ft.  2in.  long,  and  had  five 
pairs  of  pinnules,  the  distance  between  each  pair  decreasing  towards 
the  thinner  end  of  the  rachis.  Unfortunately  it  was  impossible  to 
get  the  fossil  out  whole,  only  two  pairs  of  pinnules  being  obtained 
in  a  perfect  state. 

Frond  pinnate.  Pinnules  suborbicular ;  sessile ;  apparently  lobed 
at  the  base,  the  lobes  resting  on  the  rachis :  the  lower  margin  of  the 
pinnules  is  somewhat  abruptly  cut  off  as  if  the  present  shape  might 
be  due  to  tearing  or  imperfect  preservation,  the  original  pinnule 
having  probably  a  more  rounded  or  tapering  base.  No  midrib, 
the  nervures  radiate  from  the  basal  portion  of  the  pinnules  and 
frequently  dichotomise  as  they  proceed  towards  the  margin,  where 
they  are  delicate  and  numerous. 

The  rachis  is  represented  by  a  raised  portion  of  the  stone,  which 
is  finely  striated  longitudinally,  the  striae  being  somewhat  irregular, 
and  not  continuous  from  one  end  to  the  other :  a  few  isolated  frag- 
ments of  carbanaceous  matter  represent  the  original  cortical  tissues 
of  the  rachis. 

Length  of  rachis  shown  in  figure  8  cm. ;  breadth  2  cm. ;  pinnules 
in  longest  part  7  cm. ;  greatest  breadth  5  cm. 

The  genus  Cyclopteris  established  by  Brongniart  in  1828,  is 
defined  by  him  as  followa  :  * — **  Fronde  simple,  entiere,  le  plus 
souvent  orbiculaire  ou  ronifonne  ;  nervures  nombreuses  toutes  egales, 
dichotomes,  rayonnant  do  la  base."  The  essential  generic  characters 
being  the  absence  of  a  midrib,  and  the  basal  origin  of  the  nervures. 
In  the  "Histoire  des  v^getaux  fossiles"^  Brongniart  figures  several 

*  I  am  indebted  to  Mr.  Hcminjrway  for  these  facts. 

'  Prodrome  d'une  hist,  des  v6jc:et.  foss.  p.  61  (1828). 

^  Hi»t.  des  Teget.  foss.  plates'eL  and  61  bis.  (1828-1837). 
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Bpecies  of  Chfelopterts,  none  of  which  exacUy  correspond  to  my 
specimen,  Cydopteris  obliqua,  which  is  represented  as  an  isolated 
petiole,  being  the  most  like  it  In  his  later  work^  Brongniart 
divides  the  Oydopteroid  forms  into  two  genera,  Cyelopieris  and 
NephroptertB :  the  former  he  defines  as  follows: — *' Fronde  simple, 
pedicellee,  symetrique,  arrondie,  cordiforme,  ou  flabellee,  enti^re  ou 
lobee,  sans  apparence  de  nervure  mediane,  toutes  les  nervures 
partant  de  la  base  da  limbe,  et  se  divisant  en  se  dichotomant  pour 
atteindre  la  oiroonference." 

Cydopteris  reniformis,  C,  triehamanaides,  C,  digitata,  etc.,  belong 
to  this  genus. 

The  genus  Nephropteria  which  is  thus  defined : — **  Frondes  isol^, 
simples,  sesfiiles,  obliques,  non  symetriques,  arrondies  ou  cordiformes, 
ordinairement  concaves  et  ombiliqu^s  k  leur  base  " — includes  such 
forms  as  Cydopteris  obliqua,  C,  oblata,  C.  orhictdaris,  etc.  These 
species  are  regarded  by  Brongniart  as  a  distinct  group  ;  he  considers 
them  to  be  anomalous  basal  leaves,  referable  probably  to  the  genera 
Neuropteris  and  Odontopteris, 

Lindley  and  Button  *  give  two  figures  of  Cydopteris  obliqua ;  they 
point  out  that  the  absence  of  any  stalk  and  the  trace  of  what  seems 
to  them  a  distinct  disarticulation  favour  the  idea  that  the  specimens 
originally  formed  parts  of  compound  leaves.  This  being  the  case, 
they  consider  them  referable  to  Neuropteris  rather  than  Cydopteris, 

It  is  also  suggested  by  these  authors '  that  Neuropteris  ingens  may 
have  belonged  to  the  same  plant  as  Cydopteris  obliqua. 

In  the  "  Illustrations  of  Fossil  Plants,"  edited  by  Prof.  Lebour,* 
there  is  a  figure  of  Cydopteris  (Nephropteris)  obliqua  which  shows 
two  pinnules  attached  to  a  rachis ;  this  specimen  closely  resembles 
the  one  I  have  figured,  except  in  its  much  smaller  size. 

In  his  earlier  writings  Lesquereux  ^  retains  the  genus  Cydopteris, 
and  considers  that  all  Cjclopteroid  leaves  attached  to  stems  form  a 
distinct  genus  :  those  without  stems  and  with  arched  nervures  are 
included  in  Neuropteris,  those  without  stems  and  with  straight  and 
diverging  nervures  are  classed  with  Odontopteris,  The  Cyclopteroid 
leaves  with  stems  are  retained  in  the  genus  Cydopteris,  which  is  sub- 
divided into  three  sections : — (a)  Adiauthoides.  (/3)  Odontopteroides. 
(7)  Neuropteroides. 

In  the  description  of  fossil  plants  in  the  Keport  of  the  Geological 
Survey  of  Illinois,  Lesquereux"  no  longer  regards  Cydopteris  as  a 
distinct  genus,  further  evidence  having  been  obtained  in  favour  of 
the  connection  of  Neuropteris  and  Cydopteris,  Neuropteris  is  defined 
so  as  include  leaflets  without  a  median  nervure. 

^  Tableau  des  genres  de  v^g^t.  foss.,  con8id6re8  sous  le  point  de  Tue  de  leur  classi- 
fication botanique  et  de  leur  distribution  g^logique,  p.  16  (1849). 
2  Fossil  Flora,  pi.  90  (1831-1837). 
'  Fossil  Flora,  toI.  ii.  p.  28. 
<  Illust.  of  Fossil  Plants,  p.  23,  pi.  11. 

*  Description  of  Fossil  Plants  in  Geology  of  Pennsylvania,  by  H.  D.  Rogers,  toI. 
ii.  (1868). 

*  Description  of  Fossil  Plants  in  Report  Geol.  Survey  of  Illinois,  vol.  ii.  p.  427 
(1866). 
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In  the  Palssontographioa  for  1868-69,^  Boehl  figoree  a  large  sped- 
men  showing  Neuropteris  Loshii  and  Cydopleria  trickawuiH&ide$  on  the 
same  rachis.  In  his  description  of  NeuropterU  Loshii  he  remarks : ' — 
**  On  the  axis  or  a  very  large  frond  I  found  Oydopteris  iriekowianoidei 
(Brongt.),  whioh  hitherto  had  only  been  found  by  itself,  grown  as 
axial  leaves  {*  Spindelblatter ')  of  this  plant."  The  Cyclopteroid 
leaves  are  in  this  case  only  attached  to  one  side  of  the  rachis :  the 
size  and  striated  character  of  the  rachis  closely  connect  it  with  nj 
specimen.  Schimper'  figures  some  examples  under  the  name  of 
Cnrdiopteris  frondosa  (Gopp.),  showing  large  pinnules  attached  to  a 
rachis :  the  nervation  and  the  comparatively  equilateral  form  of  these 
pinnules  resemble  Neuropteroid  rather  than  Cyclopteroid  leaves,  of 
which  latter  mine  is  an  example.  Feistmantel,^  in  describing  the 
genus  Cydopteris,  points  out  that  if  it  is  established  that  many  of 
the  species  of  Cydopteris  are  basal  or  axial  leaves  (''Basal— oder 
Spindel — blattchen '')  of  Neuropteris,  other  species  have  the  charac- 
teristics of  Cydopleria  as  defined  by  Brongniart,  viz.  absence  of  a 
median  nervure,  and  the  dichotomous  and  flabellate  character  of  the 
nervures  which  spring  from  the  base  of  the  pinnules.  The  figures ' 
given  by  Feistmantel  of  Goppert's  Cydopteria  polymorpha  show  the 
pinnules  attached  to  a  rachis,  but  the  nervures  appear  to  start  from 
the  centre  of  the  base  as  they  do  in  Cardiopleria  frondoaa  (Gopp.). 

Grand*Eury  *  refers  some  specimens  of  Cydopleria  to  Neuropterit^ 
and  others  to  Odontopleria ;  he  considers  Cydopleria  obliqua  and  C, 
oblala  to  be  merely  detached  pinnules  of  Neuropteria, 

Mr.  Eidston,^  in  his  catalogue  of  Palaeozoic  plants  in  the  British 
Museum,  goes  so  far  as  to  drop  the  genus  Cydopleria  entirely ;  he 
considers  Cydopleria  dilatala,  C.  obliqua,  etc.,  to  belong  to  S^earo- 
pieria  heterophylla  and  refers  to  Roehrs  figure  in  support  of  this  view. 
He  points  out  how  the  pinnules  of  Neuropleria  Scheuchzeri  (Hoff.) 
vary  in  form,  some  being  the  typical  acute  forms  and  others  belong- 
ing to  the  Cyclopteroid  type.  The  shape  of  the  pinnules  varies  so 
much  that  it  is  of  no  specific  value.  In  the  absence  of  such  evidence 
as  is  afforded  by  fructification,  we  must  rely  to  a  great  extent  on  the 
arrangement  of  the  nervures.  In  my  specimen  the  pinnules  appear 
to  be  almost  opposite  on  the  rachis,  but  this  is  of  no  great  import- 
ance, as  Mr.  Kidston  remarks,^  ''  the  alternate  or  opposite  arrange- 
ment of  pinnaB  or  pinnules  appears  to  be  a  character  of  little  value, 
as  they  are  frequently  alternate  and  opposite  on  different  parts  of 
the  same  frond." 

Through  the  kindness  of  Prof.  Lebour  and  Mr.  Howse  I  was 
allowed  to  examine  the  Hutton  collection  of  plants  in  the  Newcastle 
Museum ;  in  this  collection  there  is  a  specimen  showing  a  pinnule 

^  Palaeontographica,  vol.  XTiii.  taf,  xvii. 

»  Jhid.  p.  37. 

3  Traite  de  Pal.  T^g^t.  pi.  xixv.  (1869-74). 

*  Zeitsch.  der  Deutsch.  Geolog.  Gesell.  Band  xxi.  p.  621. 
»  Jbid,  taf.  xvi.  figs.  21-24. 

•  Flore  Carb.  du  fiepart.  de  la  Loire,  etc.  p.  379  (1877). 

^  Catalogue  of  the  Pal.  Plants  in  the  British  Museam,  p.  90  (1886}. 
«  Jdtd.  p.  84. 
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of  Cyelopterii  ohliqua  attached  to  a  thiok  rachlB  23  cm.  in  length, 
the  pinnule  is  not  perfectly  preserved,  and  there  are  no  signs  of  a 
corresponding  one  on  the  other  side ;  the  rachis  is  of  similar  appear- 
ance to  the  one  in  my  specimen. 

In  the  present  state  of  our  knowledge  it  would  be  premature  to 
speak  positively  as  to  the  claims  of  Cydopieris  to  be  considered  a 
distinct  form,  the  specimen  before  us,  however,  seems  to  justify  oar 
retaining  for  the  present  Brongniart*s  original  genus. 

IIL — Bkcbnt    Observations    on    the    Glaoiation    of    Bbitish 

Columbia  and  Adjacent  Begions. 

By  Gbo.  M.  Dawson,  D.Sc.  F.G.S., 
Assistant  Director,  Geological  Survey  of  Canada. 

PBEVIOUS  observations  in  British  Columbia  ^  have  shown  that 
at  one  stage  in  the  Glacial  period — that  of  maximum  glaciation 
— a  great  confluent  ice-mass  has  occupied  the  region  which  may  be 
named  the  Interior  Plateau,  between  the  Coast  Mountains  and  Gold 
and  Bocky  Mountain  Banges.  From  the  55th  to  the  49th  parallel 
this  great  glacier  has  left  traces  of  its  general  southward  or  south- 
eastward movement,  which  are  distinct  from  those  of  subsequent 
local  glaciers.  The  southern  extensions  or  terminations  of  this  con- 
fluent glacier,  in  Washington  and  Idaho  Territories,  have  quite 
recently  been  examined  by  Mr.  Bailley  Willis  and  Prof.  T.  C. 
Charaberlin,  of  the  U.S.  Geological  Survey.'  There  is,  further, 
evidence  to  show  that  this  inland- ice  flowed  also,  by  transverse 
valleys  and  gaps,  across  the  Coast  Bange,  and  that  the  fiords 
of  the  coast  were  thus  deeply  filled  with  glacier-ice  which, 
supplemented  by  that  originating  on  the  Coast  Bange  itself, 
buried  the  entire  great  valley  which  separates  Vancouver  Island 
from  the  mainland  and  discharged  seaward  round  both  ends  of  the 
island.  Further  north,  the  glacier  extending  from  the  mainland 
ooast  touched  the  northern  shores  of  the  Queen  Charlotte  Islands. 
The  observed  facts  on  which  these  general  statements  are  based 
have  been  fully  detailed  in  the  publications  already  referred  to,  and 
it  is  not  the  object  of  this  note  to  review  former  work  in  the  region 
further  than  to  enumerate  the  main  features  developed  by  it,  and  to 
add  to  these  a  summary  of  observations  made  during  the  summer  of 
1887  in  the  extreme  north  of  British  Colombia,  and  in  the  Yukon 
basin  beyond  the  60th  parallel,  which  forms  the  northern  boundary 
of  that  province. 

The  littoral  of  the  south-eastern  part  or  "  coast  strip  "  of 
Alaska  presents  features  identical  with  those  of  the  previously 
examined  coeist  of  British  Columbia,  at  least  as  far  north  as  lat.  59°, 
beyond  which  I  have  not  seen  it.  The  coast  archipelago  has 
has  evidently  been  involved  in  the  border  of  a  confluent  glacier 
which  spread  from  the  mainland  and  was  subject  to  minor  variations 

*  Quart.  Joum.  Geol.  Soc.  vol.  xxxi.  p.  89.  Ibid,  vol.  xxxiv.  p.  272.  Canadian 
Natoralist.  vol.  viii. 

*  BuUetin  U.S.  Geol.  Survey,  No.  40,  1887. 
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in  direction  of  flow  dependent  on  surface  irregolarities,  in  the  manner 
described  in  my  report  on  the  northern  part  of  Vanoouver  Island.^ 
No  conclusive  evidence  was  here  found,  however,  either  in  the  vallej 
of  the  Stikine  River  or  in  the  pass  leading  inland  from  the  head  of 
Lynn  Canal,  to  show  that  the  ice  moved  seaward  across  the  Coast 
Bange,  though  analogy  with  the  coast  to  the  south  favours  the  belief 
that  it  may  have  done  so.  The  front  of  the  glacier  must  have  passed 
the  outer  border  of  the  Archipelago,  as  at  Sitka,  well-marked  glacia- 
tion  is  found  pointing  toward  the  open  Pacific '  (average  direction 
about  S.  81°  W.  astr.).  It  is,  however,  in  the  interior  region,  between 
the  Coast  Bange  and  the  Bocky  Mountains  proper  and  extending 
northward  to  lat.  63^,  explored  and  examined  by  as  in  1887,  that 
the  most  interesting  facts  have  come  to  light  respecting  the  direction 
of  movement  of  the  Cordilleran  glacier.  Here,  in  the  valleys  of 
the  Pelly  and  Lewes  branches  of  the  Yukon,  traces  were  found  of 
the  movement  of  heavy  glacier-ice  in  a  northerly  direction.  Bock- 
surfaces  thus  glaciated  were  observed  down  the  Pelly  to  the  point  at 
which  it  crosses  the  ISGth  meridian  and  on  the  Lewes  as  far 
north  as  lat.  61°  40',  the  main  direction  in  the  first-named  valley 
being  north-west,  in  the  second  north-north-west  The  points 
referred  to  are  not,  however,  spoken  of  as  limiting  ones,  for  rook 
exposures  suitable  for  the  preservation  of  glaciation  are  rather  infre- 
quent on  the  lower  portions  of  both  rivers  and  more  extended 
examination  may  result  in  carrying  evidence  of  the  same  kind  much 
further  toward  the  less  elevated  plains  of  the  Lower  Yukon.  Neither 
the  Pelly  valley  nor  that  of  the  Lewes  is  hemmed  in  by  high 
mountainous  country  except  toward  the  sources,  and  while  local 
variations  in  direction  of  the  kind  previously  referred  to  are  met 
with,  the  glaciation  is  not  susceptible  of  explanation  by  merely  local 
agents,  but  rather  implies  the  passage  of  a  confluent  or  more  or  less 
connected  glacier  over  the  region. 

In  the  Lewes  valley,  both  the  sides  and  summits  of  rocky  hills 
300  feet  above  the  water  were  found  to  be  heavily  glaciated,  the 
direction  on  the  summit  being  that  of  the  main  (north -north-west) 
orographic  valleys,  while  that  at  lower  levels  in  the  same  vicinity 
followed  more  nearly  the  immediate  valley  of  the  river,  which  here 
turns  locally  to  the  east  of  north. 

Glaciation  was  also  noted  in  several  places  in  the  more  mountainous 
country  to  the  south  of  the  Yukon  basin,  in  the  Dease  and  Liard 
valleys,  but  the  direction  of  movement  of  the  ice  could  not  be 
determined  satisfactorily,  and  the  influence  of  local  action  is  there  less 
certainly  eliminated. 

Of  the  glacial  deposits  with  which  the  greater  part  of  the  area  of 
the  inland  region  is  mantled,  it  is  not  intended  here  to  give  any 
details,  though  it  may  be  mentioned  that  true  Boulder-clay  is  fre- 
quently seen  in  the  river-sections,  and  that  this  generally  passes 
upward  into,  and  is  covered  by,  important  silty  beds,  analogous  to 

*  Annual  Report  Geo!.  Surv.  Canada,  1885,  p.  100  B. 

'  Mr.  G.  F.  Wright  has  already  given  similar  general  statements  with  regard  to 
tbiB  part  of  the  Coast  of  Alaska,  Amexicaii  Natursdist,  March,  1887. 
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the  silts  of  the  Neohaooo  basin,  further  soath  in  British  Columbia, 
and  to  those  of  the  Peaoe  Biver  Country  to  the  east  of  the  Rocky 
Mountains.  It  may  be  stated  also  that  the  country  is  generally 
terraced  to  a  height  of  4000  feet  or  more,  while  on  an  isolated 
mountain- top  near  the  height  of  land  between  the  Liard  and  Pelly 
rivers  (Pacitio-Arctic  watershed)  rolled  gravel  of  varied  origin  was 
found  at  a  height  of  4300  feet,  a  height  exceeding  that  of  the  actual 
watershed  by  over  1000  feet. 

Beverting  to  the  statements  made  as  to  the  direction  of  the 
general  glaciation,  the  examination  of  this  northern  region  may  now. 
be  considered  to  have  established  that  the  main  gathering-ground  or 
nSvS  of  the  great  Cordilleran  glacier  of  the  west  coast,  was  included 
between  the  55th  and  59th  parallels  of  latitude  in  a  region  which, 
so  far  as  explored,  has  proved  to  be  of  an  exceptionally  mountainous 
character.  It  would  further  appear  that  this  great  glacier  extended, 
between  the  Coast  Range  and  the  Rocky  Mountains,  south-eastward 
nearly  to  lat  48°,  and  north-westward  to  lat.  63°,  or  beyond,  while 
sending  also  swollen  streams  to  the  Pacific  Coast. 

In  connection  with  the  northerly  direction  of  ice-flow  here 
mentioned,  it  is  interesting  to  recall  the  observations  which  I  have 
collected  in  a  recently  published  report  of  the  Geological  Survey, 
relating  to  the  northern  portion  of  the  continent  east  of  the 
Mackenzie  River.^  It  is  there  stated  that  for  the  Arctic  coast  of  the 
Continent,  and  the  Islands  of  the  Archipelago  ofif  it,  there  is  a  con- 
siderable volume  of  evidence  to  show  that  the  main  direction  of 
movement  of  erratics  was  northward.  The  most  striking  facts  are 
those  derived'  from  Prof.  S.  Haughton's  Appendix  to  M*Clintock's 
Voyage,  where  the  occurrence  is  described  of  boulders  and  pebbles 
from  North  Somerset,  at  localities  100  and  135  miles  north-eastward 
and  north-westward  from  their  supposed  points  of  origin.  Prof. 
Haughton  also  states  that  the  east  side  of  King- William's  Land  is 
strewn  with  boulders  of  gneiss  like  that  of  Montreal  Island,  to  the 
southward,  and  points  out  the  general  northward  ice-movement  thus 
indicated,  referring  the  carriage  of  the  boulders  to  floating-ice  of  the 
Glacial  Period. 

The  copper  said  to  be  picked  up  in  large  masses  by  the  Eskimo, 
near  Princess-Royal  Island,  in  Prinoe-of- Wales  Strait,  as  well  as  on 
Prince-of- Wales  Island,'  has  likewise,  in  all  probability  been  de- 
rived from  the  copper-bearing  rocks  of  the  Coppermine  River  region 
to  the  south,  as  this  metal  can  scarcely  be  supposed  to  occur  in  place 
in  the  region  of  horizontal  limestone  where  it  is  found. 

Dr.  A.  Armstrong,  Surgeon  and  Naturalist  to  the  "  Investigator," 
notes  the  occurrence  of  granitic  and  other  crystalline  rocks  not  only 
on  the  south  shore  of  Ban'ng  Land,  but  also  on  the  hills  at  some 
distance  from  the  shore.  These,  from  what  is  now  known  of  the 
region,  must  be  supposed  to  have  come  from  the  continental  laud  to 
the  southward. 

*  Notes  to  accompany  a  Map  of  the  Northern  Portion  of  the  Dominion  of  Canada, 
East  of  the  Kocky  Mountains,  p.  57  R.,  Annual  Keport,  1886. 
'  De  Bance,  in  Nature,  yol.  xi.  p.  492. 
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Dr.  Bessels,  again,  remarks  on  the  abundanoe  of  bonlders  on  the 
shore  of  Smith's  Sound  in  lat  81°  3(y,  which  are  manifestly  derived 
from  known  localities  on  the  Greenland  coast  much  further  southward, 
and  adds,  '*  Drawing  a  conclusion  from  such  observations,  it  becomes 
evident  that  the  main  line  of  the  drift,  indicating  the  direction  of  its 
motion,  runs  from  south  to  north.'*  ^ 

It  may  further  be  mentioned  that  Dr.  R.  Bell,  of  the  Canadian 
Geological  Survey,  has  found  evidence  of  a  northward  or  north-east- 
ward movement  of  glacier-ice  in  the  northern  part  of  Hudson  Bay, 
with  distinct  indications  of  eastward  glaciation  in  Hudson  Strait' 
For  the  Northern  part  of  the  Great  Mackenzie  Valley  we  are  as  yet 
without  any  very  definite  information,  but  Sir  J.  Bichardson  notes 
that  Laurentian  boulders  are  scattered  westward  over  the  nearly 
horizontal 'limestones  of  the  district 

Taken  in  conjunction  with  the  facts  for  the  more  southern  portion 
of  the  Continent,  already  pretty  well  known,  the  observations  here 
outlined  would  appear  to  indicate  a  general  movement  of  ice  outward, 
in  all  directions,  from  the  great  Laurentian  axis  or  plateau  which 
extends  from  Labrador  round  the  southern  extremity  of  Hudson  Bay 
to  the  Arctic  Sea ;  while  a  second,  smaller,  though  still  very  important 
region  of  dispersion — the  Cordilleran  glacier-mass — occupied  the 
Kocky  Mountain  region  on  the  west,  with  the  northern  and  southern 
limits  before  approximately  stated. 

I  have  refrained  from  entering  into  any  detail  at  this  time  in 
respect  to  the  glaciation  of  the  northern  part  of  the  Cordillera  belt, 
as  it  is  probable  that  within  the  year  we  shall  be  more  fully  informed 
on  the  subject,  as  the  result  of  observations  to  be  expected  from  Mr. 
R.  G.  M'Connell  of  this  Survey.  Mr.  M*Connell  is  now  on  the 
Mackenzie  River,  which,  as  well  as  the  Porcupine  branch  of  the 
Yukon,  within  the  Arctic  circle,  it  is  intended  that  he  shall  examine 
during  the  summer. 

IV. — Notes  on  the  Safropterygia  of  the  Oxford  and  Kimeridge 
Clays,  mainly  based  on  the  Collection  of  Mr.  Leeds  at  Eye- 
bury. 

By  R.  Lydekker,  B.A.,  F.G.S.,  etc. 

I  PRESUME  that  most  English  students  of  Mesozoio  Reptiles  are 
acquainted,  at  least  by  report,  with  the  magnificent  collection 
of  the  remains  of  Sauropterygians  and  other  Saurians  from  the 
Oxford  Clay  of  Northamptonshire  in  the  possession  of  Mr.  A.  N. 
Leeds,  of  Eyebury,  near  Peterborough.  Those,  however,  who  have 
not  had  the  good  fortune  to  see  this  unrivalled  collection,  can  liave 
no  idea  of  its  richness,  or  of  the  light  it  throws  on  the  organization 
and  affinities  of  the  Sauropterygians  of  the  later  Jurassic  seas.  Till 
a  few  weeks  ago  I  was  among  the  number  of  those  to  whom  this 
collection  was  known  merely  by  report :  but  at  the  end  of  June  I 
availed  myself  of  Mr.  Leeds'  courteous  invitation  to  see  and  study  his 

1  Nature,  vol.  ix. 

*  Annual  Report  Geol.  8urv.  Canada,  1885,  p.  14  D.D. ;  and  Report  of  Progress, 
1882-84,  p.  36  D.D. 
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oolleotion  as  fully  as  I  might  desire.  On  arrival,  my  astonishment  was 
unfeigned  to  find  that  this  collection  comprised  not,  as  I  expected,  only 
one  or  two  imperfect  skeletons  of  one  or  more  species,  bat  in  some 
oases  as  many  as  five  or  six  almost  entire  skeletons  belonging  to  as 
many  individuals  of  four  well-defined  species.  The  specimens  are 
arranged  on  shelves  and  in  trays  in  two  rather  small  rooms,  which 
they  almost  completely  fill ;  and  so  perfect  are  many  of  them  that 
there  would  be  no  great  difficulty  in  mounting  entire  skeletons  of 
these  extinct  Saurians  in  the  same  manner  as  those  of  existing 
Cetaceans  are  exhibited  in  our  Museums.  In  many  cases  every 
process  and  spine  of  the  vertebras  is  absolutely  perfect,  owing  to  the 
careful  and  patient  manner  in  which  Mr.  Leeds  has  personally 
extracted  the  skeletons  from  the  soft  clay  in  which  they  lay  embedded. 
The  paddles  too,  which  have  been  such  a  stumbling-block  to  the 
palaeontologist,  have  every  bone  in  its  natural  position,  so  that  there 
can  no  longer  be  any  doubt  as  to  their  mode  of  arrangement. 

Apart,  however,  from  the  intrinsic  perfection  of  this  collection, 
its  great  importance  consists  in  the  clearing  up  of  the  relations  and 
affinities  of  the  many  so-called  species  of  Sauropterygians  which 
have  been  described  upon  more  or  less  imperfect  remains  from  the 
Oxford  Clay.  In  order  to  avail  myself  of  the  full  advantages  to  be 
gathered  from  a  visit  to  this  collection,  I  had  carefully  studied  all  the 
specimens  previously  described  from  this  horizon  ;  and,  through  the 
courtesy  of  Prof.  A.  H.  Green,  I  had  the  further  advantage  of  having 
the  type  vertebrae  on  which  the  late  Professor  Phillips  founded  his 
FUsiosaurua  Oxoniensia  and  P.  plicaius  at  the  British  Museum. 


12  3 

Fio.  1. — Posterior  (1),  hsBmal  (2),  and  anterior  (3)  aspects  of  a  cervical  Tertebra  of 
Flesioaaurui  plusatus^  from  the  Oxford  Clay,  \,     (After  Phillips.) 

The  first  skeleton  to  which  I  directed  my  attention  was  the  some- 
what imperfect  one  which  Prof.  H.  G.  Seeley  described  some  years  ago 
in  vol.  XXX.  of  the  Geological  Society's  Journal,  under  the  new  generic 
and  specific  name  of  Muraenosaurus  Leedsi.  Since  that  specimen  was 
found  Mr.  Leeds  has  obtained  several  other  much  less  imperfect 
skeletons  of  both  immature  and  adult  individuals,  which  he  refers, 
and  in  my  judgment  quite  correctly,  to  the  same  species.  The 
immature  skeletons  show,  however,  that  the  cervical  vertebras  are 
quite  indistinguishable  from  those  from  the  Oxford  Clay  near  Oxford, 
ti  which  Prof.  Phillips  applied  the  name  P.plicatus  (Fig.  1)  ;  and  the 
specific  name  Leedsi  must,  therefore,  yield  place  to  this  earlier  one.  The 
most  important  point,  however,  on  which  these  new  skeletons  throw 
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light  is  ihe  stnioture  of  the  pectoral  girdle.  It  will  be  remembered 
that  the  genus  Muranoaaurus  was  founded  upon  a  supposed  peculiarity 
of  this  part  of  the  skeleton — to  wit,  that  the  preaxial  border  of  the 
coraooids  was  not  oonneoted  by  a  median  bony  bar  with  the  pre« 
ooracoids  (using  the  terms  employed  by  Mr.  J.  W.  Hulke).  Now 
the  new  specimens  show  that  this  restoration  of  the  pectoral  girdle 
is  solely  due  to  the  imperfection  of  the  type  specimen ;  and,  as  Mr. 
Leeds  at  once  pointed  out  to  me,  the  portion  ot  the  soapulo-precora- 
ooid  regarded  as  the  precoracoid  in  the  figure  given  in  the  Q  J.6.S. 
voL  XXX.  p.  448,  and  made  to  meet  its  fellow  in  the  middle  line,  is 
really  the  dorsal  part  of  the  scapula.  The  pectoral  girdle  is  in  fact 
of  the  same  general  structure  as  that  figured  by  Prof.  Seeley  on 
p.  447  of  the  same  volume  as  the  type  of  the  so-called  Colymhoaawus ; 
and  there  appears  to  be  no  distinction,  so  far  as  regards  the  pectoral 
girdle  (on  which  the  two  were  founded),  of  both  Mur4tiu>8aum$  and 
Colymbosaurus  from  the  earlier  Elasmoaawrtu  of  Prof.  Cope.  If, 
however,  we  follow  Mr.  Hulke  in  retaining  the  Jurassic  and 
Cretaceous  Sauropterygians  exhibiting  this  modification  of  the 
pectoral  girdle  in  the  original  genus  PleatoaaurtUj  of  which  they  form 
a  well-marked  group,  then  we  may  continue  to  use  the  name 
Plesiosanrus  pHeatua  for  this  species.  An  allied,  and  apparently 
unnamed  species,  represented  in  Mr.  Leeds'  collection,  and  dis- 
tinguished by  its  shorter  cervical  vertebrsB,  which  are  also  fewer  in 
number,  is  also  known  to  me  by  a  considerable  portion  of  a  skeleton 
obtained  from  the  Oxford  Clay  of  Weymouth.  This  form  I  shall 
describe,  and  if  necessary  name  on  a  future  occasion ;  Mr.  Leeds 
having  kindly  lent  me  one  of  the  cervicals  of  his  mature  example. 

The  next  species  I  have  to  mention  is  P.  Oxoniensis,  represented  by 
several  nearly  entire  skeletons  in  the  Eyebury  Collection.  Of  the 
specific  identity  of  these  examples  I  have  satisfied  myself  by  a  com- 
parison with  the  type  cervical  and  dorsal  vertebrsB  in  the  Oxford 
Museum.  This  species  was  referred  by  Prof.  Seeley  to  a  subgenus 
of  Murtanosaurus — I  presume  on  the  evidence  of  a  pectoral  girdle 
figured  in  Phillips's  "  Geology  of  Oxford  "  (p.  310),  which  is  turned  the 
wrong  way  upward  and  described  as  the  pelvis.  The  coracoids 
(pubes)  in  that  example  are.  however,  I  believe,  referable  to  the 
so-called  Plestosaurua  philarehus ;  and  the  Eyebury  specimens  show 
that  the  pectoral  girdle  was  of  the  type  of  the  so-called  Colymbo' 
taurm.  These  specimens  show,  moreover,  that  the  remarkable 
pectoral  limb  from  the  Oxford  Clay  of  Bedford,  figured  by  Phillips 
on  p.  315  as  a  pelvic  limb,  and  made  the  type  of  P.  eurymertis,  is 
really  referable  to  P.  Oxoniensis ;  the  limb  figured  on  p.  312  of  the 
"  Geology  of  Oxford  "  under  the  latter  name  apparently  belonging 
to  P.  plica  tu8. 

A  fourth  species  represented  in  Mr.  Leeds'  collection  is  the  so- 
called  Flesiosaurus  philarehus  of  Prof.  Seeley,  characterized  by  its 
long  mandibular  symphysis.  The  examples  of  this  species  show 
that  in  the  young  there  were  two  distinct  costal  facets  in  the  cervical 
vertebrse ;  while  the  teeth,  and  pectoral  and  pelvic  girdles,  present 
a  great  resemblance  to  those  of  Pliosaurus.    This  species  seems  to 
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be  olosely  allied  to  Thaumaiosaurus  oolithieus,  of  the  Lower  Jurassic 
[>f  Wfirtemberg,  in  which  the  teeth  have  the  same  structure  and  the 
servical  vertebrsB  are  likewise  furnished  with  two  costal  facets.  The 
latter  species,  again,  appears  to  come  so  close  to  the  Upper  Liassio 
Flesiosanrus  Oramptoni — the  type  of  Prof.  Seeley's  genus  BJtomaleO' 
$auru8 — that  with  our  present  material  not  even  specific  characters 
Dan  be  recognized.  On  these  grounds  I  am  inclined  to  include  all 
these  three  species,  together  with  the  Lower  Liassio  P.  megacephaluB, 
in  a  single  genus,  for  which  the  name  Hiaumatoaaurua  should  be 
adopted.  This  reference  I  shall  again  have  occasion  to  mention  in  an 
EMidendnm  to  a  paper  on  the  Oxfordian  species  in  the  *'  Geological 
Society's  Journal  "  ;  the  knowledge  I  have  gained  since  that  paper 
was  read  having  induced  me  to  remove  that  species  from  the  genus 
FlesioBaunu.  Mr.  Leeds'  examples  show  that  a  small  omostemum 
was  present. 

Of  the  genus  Plioaaurua  Mr.  Leeds  possesses  only  a  number  of 
detached  teeth,  which  differ  from  those  of  the  Kimeridgian  forms  in 
the  imperfect  development  of  the  '*  carinad,"  and  the  absence  of  the 
distinct  smooth  and  flat  intercarinal  space.  These  teeth  appear 
indistinguishable  from  the  one  from  the  Oxfordian  of  Boulogne 
described  and  figured  by  M.  Sauvage  under  the  name  of  Ltopleurodon 
ferox,  I  can  see,  however,  no  reason  why  this  species  should  be 
separated  from  the  Owenian  genus,  and  it  may  accordingly  be  known 
88  Plioaaunia  ferox.  The  cervical  vertebras  from  the  Oxford  Clay  in 
the  Cambridge  Museum  to  which  Prof.  Seeley  has  applied  the  name 
P.  pachydirua,  without,  however,  giving  any  specific  diagnosis,  are 
probably  referable  to  the  same  species. 

Leaving  now  the  Eyebury  Collection  with  the  expression  of  my 
thanks  to  its  owner  for  his  courtesy  in  placing  it  thus  freely  before 
me,  our  attention  may  be  directed  in  Xhe  remaining  part  of  this  paper 
t4)  certain  large  Plesiosaurian  remains  from  the  Kimeridge  Clay, 
which  are  allied  to  P.  Oxoniensta.  In  the  first  place  I  may  mention 
that  after  leaving  Peterborough  I  availed  myself  of  the  permission 
of  Mr.  Marshall  Fisher,  of  Ely,  to  visit  his  collection,  which  contains 
the  pectoral  girdle  figured  by  Prof.  Seeley  on  p.  447  of  the  thirtieth 
volume  of  the  "Geological  Society's  Journal,"  under  the  name  of 
Colymboaaurua,  and  thence  proceeded  to  the  Woodwardian  Museum 
at  Cambridge  to  have  one  more  look  at  the  vertebral  column  to  which 
the  same  authority  has  given  the  name  of  Pleaioaaurua  megadirua ; 
both  specimens  being  from  the  Kimeridge  Clay  of  the  Cambridge- 
shire district 

Before  going  further  it  is,  however,  necessary  to  recapitulate  briefly 
the  history  of  these  large  Kimeridgian  Plesiosaurs.  In  the  "  British 
Association  Report"  for  1839,  Sir  R.  Owen  described  a  propodial 
bone  (humerus  or  femur)  of  a  large  Plesiosaur  from  the  Kimeridge 
Clay  of  Shotover  in  the  collection  of  the  late  Lord  Enniskillen,  under 
the  name  of  Plesioaaurua  trochanter itia  ;  this  specimen  being  now  in 
the  British  Museum.  Its  structure  is  shown  in  the  accompanying 
woodcut  of  another  example.  In  the  year  1841  this  species,  together 
with  P.  grnndia,  was  referred  to  the  genus  Plioaaurua ;  of  which  the 
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type  is  P.  hrachydims,  detoribed  in  the  previons  year  in  the  same 
writer's  "Odontography."  In  1869  Prof.  Seeley,  in  bis  « Index  to 
the  Woodwardian  Museum,"  applied  the  name  Fleno$auru»  megadirui 
to  the  above-mentioned  vertebral  column  in  the  Cambridge  Museum ; 
merely,  however,  mentioning  its  large  size  and  the  namber  of  the 
oervical  vertebrsa,  and  the  description  being  therefore  insufficient  to 
authenticate  the  name.  A  second  imperfect  skeleton,  in  the  same 
collection  (presented  by  Mr.  Stead  Jones),  was  referred  to  tbe  same 
species ;  that  specimen  having  a  propodial  of  the  peouliar  type  of 
P.  trochanierius.  In  the  following  year  Mr.  Hulke  described  in  the 
Q.  J.G.S.  vol.  xxvi.  the  vertebral  column,  the  pectoral  and  pelvic  pro- 
])odials,  and  the  imperfect  ooracoids  of  a  large  Plesiosaur  from  the 
Kimeridge  Clay  of  Dorsetshire  under  the  name  of  P.  Manseli ;  and 
also  certain  dorsal  vertebne  remarkable  for  their  very  sbort  centra, 
to  which  the  name  P.  hrachistospondylus  was  accordingly  applied. 
In  the  course  of  the  description  of  the  former  species  tbe  resemblance 
of  the  propodials  to  the  type  of  P.  trochanleriua  was  pointed  out,  and 
no  very  good  reasons  were  given  why  the  specimen  should  not  have 
been  referred  to  that  species,  which  was  thus  proved  to  be  Plesio- 
saurian. 


Fio.  2. — Dorsal  aspect  of  the  right  humerus  of  Phtioimtrvs  trochanterius  ;  from  the 
Kimeridge  Clay,  -j^j.  «,  preaiial,  p,  postaxial  border  ;  #,  division  between  radial 
and  ulnar  facets.     (After  Phillips.) 

Eeference  was  also  made  to  P.  megadirus,  which  was  considered  to 
be  closely  allied,  although  it  was  stated  that  in  the  opinion  of  Mr.  W. 
Davies  it  was  not  identical.  It  should  be  added  that  Mr.  Hulke's 
types  are  preserved  in  the  British  Museum.  The  year  1871  saw  the 
publication  of  Phillips's  "  Geology  of  Oxford,"  in  which  work 
vertebras  of  large  Plesiosaurs  from  the  Kimeridgian  of  Oxfordshire 
were  described  uuder  the  names  of  P.  hrachyapondylus  and  P.  vaUdw ; 
the  former  being  wrongly  identified  with  P.  brachyspondyhs  of 
Owen,  which  is  really  a  Pliosaur,  and  the  latter  being  i^garded  as 
new.  No  reference  (perhaps  owing  to  the  close  sequence  of  the  two 
WoAb)  was,  however,  made  to  Mr.  Hulke's  P.  Manseli ;  and  detached 
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propodials  were  described  under  the  name  of  P.  trochanterius.  P. 
braehyapondylus  was  regarded  as  the  Eimeridgian  analogue  of  P. 
OxoniennB ;  the  vertebrse  having  the  same  shorfc  and  distinctly  cupped 
centra,  which  characterize  both  that  species  and  P.  Manseli.  It  should 
also  be  observed  that  Phillips  described  another  large  Kimeridgian 
Plesiosaur,  which  had  flattened  terminal  faces  to  the  centra,  and  is 
closely  allied  to  P.  pHcatua,  which  belongs  to  a  totally  different  sub- 
group. Thus  matters  stood  till  1874,  when  in  vol.  xxx.  of  the 
Q.J.G.S.,  Professor  Seeley  figured  on  p.  447  the  above-mentioned 
pectoral  girdle  from  Ely,  under  the  new  generic  title  of  Colymbo' 
saurus ;  stating  on  p.  445  that  the  type  species  was  to  be  P.  megadirus, 
which,  as  already  stated,  had  never  been  sufficiently  described.  It 
WHS  also  mentioned  on  p.  448  that  Plesiosaurua  Manseli  was  to  be 
referred  to  a  subgenus  of  Muranosaurus, 

With  these  facts  we  may  proceed  to  criticism.  In  the  first  place 
I  cannot  find  any  characters  by  which  P.  Manseli  can  be  distinguished 
from  P.  trochanterius,  and  since  the  description  of  the  latter  is  suffi- 
cient, I  consider  that  we  should  adopt  the  earlier  name.  P.  hrachisto- 
spondylm  appears,  moreover,  to  be  founded  upon  dorsal  vertebrae  of 
the  same  species  which  have  been  subjected  to  a  strong  crush  in  the 
axial  direction.  I  have  compared  the  vertebrae  figured  by  Phillips 
uuder  the  name  of  P.  brachyBpondylua,  and  also  the  types  of  his  P. 
vnlidm,  with  the  corresponding  vertebrae  of  the  column  described  by 
Mr.  Hnlke,  and  find  an  absolute  identity  between  the  two;  the 
difference  on  which  Phillips  separated  P.  validiis  from  P.  brachyspon- 
dybts  being  merely  due  to  the  different  serial  position  of  the  vertebrse, 
and  to  an  erroneous  restoration  of  the  neural  arch.  With  regard  to 
the  type  skeleton  of  P.  megadiruSf  Prof.  Hughes  has  been  good  enough 
to  send  some  of  the  cervical  vertebrse  to  London,  and  from  com- 
paring these,  and  from  a  personal  examination  of  the  rest  of  the 
skeleton  two  days  after  having  carefully  examined  that  of  the  so- 
called  P.  Manseli,  I  am  fully  and  absolutely  convinced  of  the  specific 
identity  of  the  two.  This  is  also  borne  out  by  all  the  detached 
vertebrae  of  this  type  from  the  Cambridgeshire  district  in  the  British 
Museum,  which  cannot  be  distinguished  from  those  of  the  latter. 
Further  evidence  is  afforded  by  the  above-mentioned  paddle  in  the 
Cambridge  Museum,  and  by  another  in  the  collection  of  Mr.  Fisher, 
in  both  of  which  the  propodial  is  of  the  P.  trochanterius  type. 

Now  comes  the  question  of  the  pectoral  girdle  on  which  Colymbo- 
saurus  was  founded.  As  this  was  referred  definitely  by  its  describer 
to  the  so-called  P.  megadiruSj  I  had  imagined  that  it  was  associated 
with  vertebrae  of  the  same  type  as  those  of  the  latter ;  but  my 
astonishment  on  arriving  at  Ely  was  considerable  on  hearing  from 
Mr.  Fisher  that  it  was  an  entirely  isolated  specimen.  Although  I 
think  it  most  probable  that  this  specimen  is  referable  to  the  present 
form — that  is,  P.  trochanterius — yet  Prof.  Seeley,  on  the  supposition 
that  these  two  forms  were  distinct,  had  no  more  grounds  for  referring 
it  to  P.  megndirus  rather  than  to  P.  Manseli,  unless  he  assumed  that 
all  the  Cambridgeshire  specimens  belonged  to  the  former  and  all  the 
Dorsetshire  to  the  latter.     Even  then,  however,  Wi^x^  ^«&  ^^^  *v^^ 
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possibility  of  this  specimen  belonging  to  the  large  form  allied  to 
P,  plicatua  (for  which  I  propose  to  adopt  Owen's  name  P.  truncatus), 
of  which  there  are  vertebrse  from  Ely  in  the  British  Museum, 

So  far,  therefore,  as  I  can  see,  the  forms  described  under  the  names 
of  P.  trochnnteriu8,  P.  megadirus^  P.  hraehistospondyluM,  P.  Manseli, 
P.  brachyspondylus  (Phillips),  and  P.  validua,  belong  to  one  and  the 
same  species.  On  the  evidence  of  a  detached  pectoral  girdle  Prof. 
Seeley  has,  however,  made  P.  megadirua  the  type  of  the  genus 
Colymhosaurus,  while  P.  Manaeli  is  referred  to  a  aeoond  genus, 
MurtenosanrxLs,  apparently  on  the  evidence  of  the  broken  ooiacoids  of 
the  type  specimen.  I  think  it  very  probable,  as  already  said,  that 
the  pectoral  girdle  in  question  does  belong  to  the  present  species ; 
and  1  believe,  moreover,  that  the  pectoral  girdle  of  the  type  specimen 
of  P.  Manseli  when  complete  was  (as  Mr.  Hulke  states  on  p.  59  of 
the  *'  Proc.  Geol.  Soc"  for  1883)  of  precisely  the  same  general  form ; 
this  form  having  apparently  obtained  in  all  the  Upper  mud  Middle 
Jurassic  Plesiosaurs. 

As  a  climax  to  the  treatment  to  which  Plesioeaurs  have  been 
subjected  we  may  notice  Prof.  Cope's  restoration  of  the  so-called 
Elasmoaaurus  platyurtiSf  given  in  the  *'  Trans.  Amer.  PhiL  Soo."  vol. 
xiv.  pt  i.  pi.  ii.  In  this  instance  the  head  has  been  plsoed  at  the 
extremity  of  the  tail ;  and  the  Professor  is  oonseqaently  led  to 
remark  in  his  description  that  in  the  vertebne  the  prezygi^physes 
present  the  unheard-of  peculiarity  of  looking  downwards  instesid  of 
upwards,  while  the  so-called  cervicals  are  indistinguishable  &om  the 
caudals  of  other  foiius. 

Finally*  after  long  consideration  I  have  come  to  the  oondusion 
that  it  will  be  convenient  to  separate  from  Pletioaaurus  all  those 
supra-Liassic  species  having  single  costal  facets  and  a  pectoral  girdle 
without  omostemum  and  the  coracoids  united  by  a  median  bar  with 
the  precoracoids.  For  these  forms  I  propose  to  adopt  the  name 
CimoUosaiirus,  Leidy,  as  being  the  earliest  of  the  numerous  terms 
which  have  been  applied  to  this  group.  The  typical  forms  have 
flattened  tei*minal  faces  to  the  vertebrae;  but  I  do  not  propose  to 
generically  separate  these  forms  like  PJesiosaurus  iroehanterius  and 
P.  Oxoniensis  in  which  these  faces  are  cupped;  although  if  such 
separation  should  be  found  advisable,  I  believe  the  terra  Polycotylnt 
of  Cope  is  the  one  which  should  be  adopted.  I  shall  show  ou 
another  occasion  that  Elasmosaurus  of  Cope  is  not  separable  from 
CimoUosanrua, 


V. — Outcrops. 

By  W.  W.  Watts,  M.A.,  F.G.S., 

Fellow  of  Sidney  College,  Cambridge,  and  sometime  Deputy- Professor  of 

Geolog)'  at  Oxford. 

NOW  that  mapping  constitutes  such  an  essential  part  of  field-work, 
it  may  he  of  use  to  some  of  your  readers  to  connect  together 
a  few  rules  which  have  occurred  to  me  on  this  subject. 

Valley- Outcrops. — Professor  Green  has  devised  an  admirably  com- 
mon  sense  method  by  which  th^  owlQioy  of  a  flat  rock-bed  can  be 
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tnuwd  by  meani  of  oontonr  lines.    The  main  results  gained  from 
this  method  may  be  thns  stimme<I  up  :— 

1.  A  bed  of  rook  parallel  with  the  waterway  of  a  valley  crops  oat 
in  two  parallel  lines.  If  the  plane  be  turned  thmngh  tfiO^,  the  lines 
begin  to  meet  (a)  down  the  valley  where  the  inoUnation  ia  in  the 
same  direction  as,  and  greater  than,  that  of  the  waterway ;  in  every 
other  oftse  (b),  they  meet  up  the  valley. 

2.  Where  the  strike  orosses  the  waterway  obliquely,  the  sharpest 
change  in  the  outcrop  line  will  be  on  that  side  of  the  valley  where 
the  acute  angle  made  by  the  strike  with  the  tontonr  lines  is  imalleit 
in  case  (a),  and  greatest  in  case  (b). 

Fio.  J.  Fio.  2, 


Strike-fatdta. — Sometimes  one  is  apt  to  think  that  the  whole 
nomenclature  of  faults  is  uasutisfaotory,  and  some  of  the  teims  used, 
kade  partioularly,  misleading.  But  a  little  oareful  oonsideralion  will 
oonvinoe  us  that  it  is  quite  right  to  refer  the  inolination  of  hade  to 
a  vertical  plane  and  not  to  one  at  right  angles  to  the  strata ;  for  the 
two  forces  responsible  for  the  results  of  faults  are  gravitation  and 
cruBt-ornshing,  and  these  two  forces  together  determine  the  direction 
of  movement  After  drawing  all  the  possible  cases  of  strike  fault* 
ing  it  is  olear  that  nil  normal  faults,  as  ordinarily  defined,  are  due 
to  movement  under  the  influence  of  gravitation  where  rooks  have 
been  tlretcTied  and  cracked,  and  have  moved  so  as  to  gnin  space. 
Reversed  faults,  on  the  other  hand,  are  those  in  which  eompreitton 
haa  ooourred  and  space  has  been  laved. 

The  result  is  that  all  normal  faults,  with  one  exceptional  type, 
tend  to  reptal  the  outcrop  of  beds,  while  reversed  faults,  with  a 
parallel  ezoeption,  have  a  tendenoy  to  eoaeeal  beds.  As  the  excep- 
tions belong  to  types  of  frequent  ooouirence,  ^v^.  %  kq^  \.  ''f^\A- 
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trate  tbem,  and  it  will  be  observed  that  in  both,  oases  the  hade  of 
tLe  fault  is  in  the  same  direction  as  the  dip,  but  at  a  greater  angle 
than  it.  To  contrast  with  these  figures  I  have  chosen  two  otlier 
faults  for  Figs.  5  and  6,  each  belonging  to  one  of  the  other  two  types. 

Fio.  3.  Fxo.  4. 


Fio.  5.  Fxo.  6, 

Fio.  3. — Normal  fault,  concealing  bed  6. 
Fio.  4. — ReTersed  fault  repeatine  beds  3 — 4. 
Fio.  6. — Noimal  fault  repeating  b^k  0 — 1. 
Fio.  6. — Reversed  fault,  concealing  bed  6. 

Additional  complexities  will  of  course  be  introdnoed  if  h,u\ta  have 
a  hade  lower  than  the  angle  of  ground  slope ;  but  I  prefer  to  leave 
each  such  case  to  be  dealt  with  on  its  own  merits. 

Dip'fanHs, — ^Tho  result  of  a  number  of  drawings  of  faults 
shows  that  the  following  law  exists.  The  outorop  on  the  upthrow 
side  is  pushed  forward  in  the  direction  of  dtp,  unless  the  angle  of  tbe 
latter  is  less  than  that  of  the  ground  slope,  when  the  reverse  occurs. 
Good  figures  will  be  found  in  the  manuals  by  Professors  Green  and 
J.  Geikie. 

Connecting  together  tbe  exceptions  in  all  these  cases,  we  find  they 
occur — when  the  strata  dip  at  (1)  a  less  angle  than  (a)  the  ground  in 
a  dip  fault,  (6)  the  hade  in  a  strike  fault,  and  (2)  at  a  greater  angle 
than  tbe  ground  in  tbe  valley  outcrop. 

VI. — On  a  Portion  op  the  Osborne  Beds  of  the  Isle  of  Wight, 

AND    ON    SOME    EeMARKABLE    OrGANIO    EeMAINS    RECENTLY    DI8« 
COVERED    therein. 

By  G.  TV.  CoLENTJTT,  Esq. 

AT  several  places  along  tbe  nortb-eastem  coast  of  the  Isle  of 
Wight  tbe  Osborne  Beds  crop  out  on  tbe  shore  to  some  extent 
and  admit  of  examination.  From  tbe  great  difiSculty  which  is 
usually  experienced  V>y  geologists  in  getting  at  any  workable  section 
or  outcrop  of  these  beds  but  little,  one  might  say  almost  nothing,  is 
known  about  them.  There  are  few  divisions  of  tbe  Tertiary  strata 
of  the  Island  which  present  so  many  variations  both  of  composition 
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ancl  of  fossil  oontents  as  do  the  Osborne  Beds  at  their  various  out- 
crops ;  and  at  the  three  places  where  they  are  most  usually  examined 
— at  Whitecliff  Bay,  at  St  Helen's,  and  at  Alum  Bay — they  yield 
few  fossils,  and  there  is  nothing  extraordinary  about  the  composition 
of  the  clayey  strata.  On  the  contrary,  at  several  places  between  St 
Helen's  and  Osborne  these  beds  crop  out  from  underneath  the 
overlying  Bembridge  Limestone  at  places  which  might  easily  be 
overlooked,  and  present  very  remarkable  features  both  as  to  their 
composition  and  as  to  the  fossils  which  they  contain.  Some  descrip- 
tion of  these  strata,  and  of  the  organic  remains  contained  in  them, 
may  be  of  interost,  as  so  little  is  known  of  them  ;  and  the  more  so 
as  it  has  been  my  good  fortune  to  discover  in  some  of  the  clays 
organic  remains  which  there  is  reason  to  believe  are  quite  new,  i€ 
not  to  science,  at  least  to  our  English  strata. 

The  Osborne  Beds  in  the  East  Medina  may  be  examined  on  the 
shore  at  several  places,  more  especially  below  Chapeloorner  Copse, 
between  King's  Quay  and  Wootton  Greek :  just  to  the  west  of  the 
boathouse  on  the  shore  below  Bin  stead  House :  on  the  shore  below 
Ryde  House :  and  immediately  to  the  south-east  of  Sea  View  Pier.  At 
all  these  places  the  most  interesting  clays  are  exposed  not  in  the  clifif, 
but  on  the  beach  itself ;  consequently  the  strata  are  not  very  often 
seen,  being  usually  covered  up  and  hidden  by  the  shingle  and  sand 
of  the  beach,  and  more  especially  so  at  the  last  three  of  the  above- 
named  places.  At  Chapelcomer  Copse,  on  the  contrary,  the  section 
is  generally  fairly  well  exposed,  as  there  is  comparatively  but  little 
shingle  and  sand  to  the  west  of  Wootton  Creek ;  and,  as  they  are 
practically  identical,  it  will  be  well  to  take  the  strata  here  as  repre- 
sentative of  those  at  the  other  localities. 

It  is  very  difficult  to  get  exact  meeisurements  on  account  of  the 
cliff  for  some  distance  inland  being  covered  by  a  sliding  talus  of 
grey  and  yellow  clays  thickly  covered  with  underwood.  The 
Bembridge  Limestone  will,  however,  be  observed  in  the  top  part  of 
the  cliff  and  under  this  we  find  the  following  approximate  section : — 

(InthecUff.)  Ft 

1.  MarU  and  yellow-grey  and  dark  red  and  mottled  clays about  40 

rOn  the  beach.) 

2.  Orey  clay  with  scattered  fiBQ  bones,  scales,  etc ,,      4 

3.  Hard  blue  and  grey  shaly  clay  with  small  perfect  fossil  fish ,,      2 

4.  Hard  grey  clay  with  matted  masses  of  leaves  and  lenticolar  masses  of 

cement's  vone     ••■     •••     •••     •■•     ••■     •••     ••■     •••     •••     •••     •••     •••      ,,       v 

'  5.  Blue  clay  with  many  seams  of  crushed  Faludina  knta  and  Melanopsit 

^cSr#r|0{C#    •••    •••    •••    •••    •••    •••    •  %  %         •••    •••    •••    •••    •••    •••     fy     " 

6.  Unfosraliferous  soft  green  clays  exuding  to  low- water  mark. 

The  clays  numbered  2,  3,  4,  and  6  in  the  above  section  are  the 
most  important,  and  afford  valuable  information  as  to  the  flora  and 
fauna  which  flourished  when  they  were  deposited. 

In  number  2  thin  lenticular  masses  of  crushed  fish  bones  occur, 
with  many  ganoid  scales  and  fish  vertebrae  {Lepido»ieus) :  teeth, 
bones,  and  dermal  plates  of  Alligator  Hantoniensis  (?)  :  bones  and 
plates  of  Emi/8,  Trionyx,  and  Chelone :  incisor  and  molar  teeth  and 
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bones  of  a  small  rodent  (Theridomys)  [rare]  :  a  small  snake  yertebra 
was  found  among  tbe  crusbed  bones  and  also  a  jaw  of  LepidoBteus  (?). 

In  number  3  tbe  most  remarkable  fossils  are  found  in  a  bard,  dark 
grey  laminated  olay,  and  consist  of  small  exquisitely  perfect  teleostean 
fish,  varying  in  lengtb  from  tbree-quarters  of  an  inbb  to  tbree  indies : 
also  bones,  scales,  and  vertebrsB  of  larger  fisb :  crustaceans  apparently 
allied  to  tbe  sbrimp  or  prawn  and  measuring  from  balf  an  incb  to 
two  and  a  balf  inobes  in  lengtb  [rare]  :  Cyprides  :  occasional  masses 
of  crusbed  Faludina  lenta  and  Mdanopth  earinaia :  a  few  scattered 
ganoid  scales  :  and  spines  and  bones  of  larger  fisb. 

In  number  4  seams  of  compressed  vegetable  remains  occur :  a  few 
leaflets  of  ferns  [rare]  :  small  carbonized  seed  vessels,  witb  longitu- 
dinal striations  (not  yet  identified) :  a  few  small  twigs  of  a  Conifer : 
occasional  masses  of  lignite :  and  detaobed  fragments  of  turtle  plates. 

In  number  5  Faludina  lenta  and  MelanopeU  carinata  oocur 
abundantly  in  tbin  seams,  but  tbey  are  mostly  in  a  crusbed  state. 
No  otber  species  of  Mollusca  bave  been  observed.  VertebrsB  of  laige 
fisb  occur,  especially  in  a  tbin  seam  of  finely  comminuted  sbelis  at 
the  base  of  tbis  division :  teetb  apparently  of  AUigator  Hantoniensit 
are  found  in  tbis  division,  but  tbey  are  rare  bere ;  a  few  detached 
turtle  plates  are  found,  but  tbey  are  not  so  often  met  witb  bere  as  in 
tbe  clay  a  little  higher  up. 

In  number  6  and  in  number  I  I  have  not  been  able  to  discover 
the  existence  of  any  organic  remains  at  all. 

The  strata  have  a  very  slight  dip  of  about  5°  or  6°  to  tbe  south ; 
but  tbis  dip,  close  to  the  base  of  the  cliff,  is  much  increased — caused 
no  doubt  by  the  weight  of  tbe  talus,  which  in  wet  weather  is  in  a 
very  soft  and  oozy  state,  and  is  always  on  tbe  move  down  towards 
the  shore. 

Tbe  beds  above  described  occupy  about  tbe  middle  of  the  Osborne 
series,  but  the  dark  clay  in  which  tbe  small  perfect  fish  occur  is  no 
doubt  a  local  deposit,  although  it  occurs  at  Binstead  House,  Byde 
House,  and  at  Sea  View,  as  well  as  at  Cbapeloomer  Copse.  The 
distance  is  about  5^  miles,  as  the  crow  flies,  between  tbe  furthest 
outci-op  of  the  fisb  clay  to  the  west  (at  Cbapeloomer  Copse),  and  the 
furthest  outcrop  to  the  east  (on  the  shore  in  the  angle  formed  by  the 
sea-wall  immediately  to  the  south-east  of  Sea  View  pier).  Thus  it 
will  be  seen  that  the  deposit  is  of  considerable  extent,  although  it  is 
no  doubt  correctly  considered  as  local. 

Although  I  have  at  every  opportunity  made  a  most  careful  search, 
I  have  never  been  able  to  discover  the  presence  of  this  clay  at  any 
of  the  other  places  in  the  island  where  tbe  Osborne  Beds  are  ex- 
posed. At  Whiteclifif  Bay,  where  the  Osborne  Series  is  visible  in 
its  entirety,  I  have  been  unable  to  find  any  trace  of  the  fish  clay ; 
neither  have  I  at  Gurnard  Bay,  nor  at  any  of  the  otber  sections  in 
the  West  Medina.  Tbe  shore  sections  between  Ryde  and  Sea  View 
are  much  obscured  by  tbe  sea-wall  which  runs  the  entire  distance, 
thus  preventing  any  examination  of  the  clays  which  would  crop  out 
along  tbe  beach  and  low  cliffs. 

The  small  fossil  fisb  from  division  3  are  most  beautifully  pre- 


O.  W.  Coknuit—On  the  Osborne  Beds.  361 

served— even  the  minute  rays  of  the  fins  and  tails  being  most  clearly 
defined.  From  the  fact  that  the  fish  are  hurgely  impregnated  witli 
iron  pyrites,  they  present  a  beautiful  golden  appearance,  especially 
lehen  first  exhumed  from  the  clay.  The  head  is  not,  as  a  rule,  so 
leell  defined  as  the  other  portions  of  the  body,  yet  it  is  very  often 
possible  to  see  the  eye  preserved  as  a  black  spot,  and  the  discoloura- 
tion of  the  intestines  is  sometimes  seen  in  the  specimens.  It  is  not 
usual  to  meet  with  one  fish  alone,  but  they  generally  occur  in  sniedl 
shoals — the  remains  of  no  less  than  nine  separate  and  distinct  fish 
being  imbedded  in  a  small  slab  of  day  measuring  two  and  a  quarter 
inches  square,  which  I  have  in  my  cabinet  This,  however,  is  an 
exoeptionally  g^ood  shoal.  A  good  deal  of  iron  pyrites  occurs  in  the 
clay  in  small  soft,  gritty,  dark-grey  masses,  and  some  of  the  larger 
specimens  of  the  fish  are  much  disfigured  and  spoilt  by  the  iron 
pyrites  with  which  they  are  encrusted,  and  into  which  they  are 
transformed.  In  several  other  divisions  of  the  clay  we  find  iron 
pyrites  matting  the  shells  together  into  thin  slabs,  and  occurring 
as  irregular  brown  masses  in  the  clays. 

It  is  always -very  interesting  to  endeavour  to  ascertain  from  the 
evidences  presented,  the  origin  and  mode  of  formation  of  a  local  or 
accidental  deposit  like  the  fish  clay,  and  to  arrive  approximately  at 
some  idea  of  the  state  of  things  both  before  and  after  the  occurrence 
happened  which  gave  rise  to  the  deposit 

In  the  clays  underneath  the  fish  clay  we  find  evidences  of  the 
existence  of  a  comparatively  tranquil  lake  or  river  inhabited  by 
Ptdudina,  Melanopaia,  Cypria,  Trionyx,  and  other  similar  forms.  The 
fiora  is  represented  by  crushed  masses  of  vegetable  remains  and  by 
plants  of  which  we  find  the  seeds  (not  yet  identified).  A  few  ferns 
existed  on  the  land,  but  the  remains  of  these  are  very  rare,  as  also 
are  the  few  remains  of  conifers.  That  the  area  of  deposit  was  but 
little  disturbed  is  evident  from  the  perfect  condition  in  which  the 
vegetable  remains  are  preserved,  for  they  show  no  signs  at  all  of 
having  been  subjected  to  attrition.  But  a  change  took  place  in  the 
form  of  a  sudden  infiux  of  mud  and  foreign  matter.  It  remains  to 
be  seen  from  careful  and  expert  examination  whether  the  fish  which 
we  find  in  this  clay  may  be  assigned  to  any  genus  of  fish  inhabiting 
the  sea,  or  whether  they  are  clearly  of  freshwater  ongin  ;  and  very 
considerable  interest  attaches  to  the  solution  of  this  question.  That 
the  fish  were  smothered  by  the  mud  is  perfectly  clear,  for  the  result 
even  of  a  day's  decay  would  be  to  damage  and  spoil  the  delicate 
bones  of  the  fins  and  tails.  Then  again,  these  fish  are  found 
entombed  in  a  perfect  state  in  small  shoals,  which  would  not  be  the 
case  had  they  died  a  natural  death  and  been  drifted  together — they 
would  be  more  or  less  damaged  by  the  drifting  process.  And  I  have 
never  found  vegetable  or  any  other  remains  mixed  up  with  the  fish — 
which  one  would  expect  to  do  in  the  case  of  drifted  exuviae.  In 
several  cases  the  fish  have  been  compressed  fiat  without  being  laid 
on  their  sides,  and  in  these  cases  we  see  the  fish  from  above  and  do 
not  see  the  dorsal  fin  at  all,  but  both  eyes  are  visible  in  the  form  of 
-two  black  spots^  one  on  either  side  of  the  head.     Masses  of  commi- 
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nuted  bones  of  larger  fish  do  oocnr,  but  not  6a  the  ezaot  horizon 
oocupied  by  the  801811  perfect  fish — thej  are  either  just  above  or  just 
below.  The  shrimps  or  prawns,  which  are  found  on  precisely  the 
same  horizon  as  the  perfect  fish,  are  too  in  a  very  perfect  state,  and 
this  is  another  fact  in  support  of  death  by  smothering.  It  seems 
doubtful  whether  such  crustaceans  as  these— the  largest  I  have 
measures  about  two  and  a  half  inches  in  length — were  inhabitants 
of  freshwater,  but  rather  were  drifted  into  the  river  or  lake  from  the 
sea  with  the  mud  (and  possibly  with  the  small  fish)  and  there 
entombed  alive.  Again,  tlie  texture  of  this  fish  clay  is  quite  different 
from  anything  above  or  below  it — indeed  it  is  quite  <Hfferent  from 
any  of  tlie  Tertiary  clay  of  the  Island — being  shaly  and  readily 
splitting  into  layers.  It  has  also  a  well-defined  transverse  jointing, 
and  this  property  is  the  cause  of  its  easily  dividing  into  irregular 
masses,  in  which  state  it  is  often  rolled  about  by  the  waves  and 
water- worn  into  rounded  nodules.  There  is  one  very  thin  seam  of 
Palndina  and  Melanopsis  forming  the  top  layer  of  the  fish  clay,  as 
though  after  the  fish  clay  had  been  deposited,  the  freshwater  inhabi- 
tants had  all  been  killed  also  by  the  influx  of  salt  water  or  other 
agency ;  in  the  clay  above  no  remains  of  moUusca  are  found  at  all. 
The  whole  scheme  of  life  seems  to  have  changed  and  the  only  organic 
remains  are  those  of  large  fish  and  reptiles  with  the  bones  of  a  few 
small  mammals.  Above  the  horizon  of  these  seams  of  fish  bones  we 
find  nothing  but  grey  and  yellowish  and  red  mottled  unfossiliferons 
clays  of  var3'ing  hardness,  which  seem  to  point  to  water — probably 
of  a  brackish  nature — but  with  an  almost  total  absence  of  the  usual 
freshwater  life. 

Above  these  beds  of  clay  comes  the  Bembridge  Limestone  showing 
the  reverting  to  purely  freshwater  conditions,  and  the  consequent 
recurrence  of  a  freshwater  fauna. 

The  small  fish  and  the  shrimps  were  first  discovered  in  the  year 
1876,  at  Eyde  House,  and  since  that  time  I  have,  from  the  several 
localities,  obtained  about  one  hundred  and  fifty  specimens  of  the 
former  and  about  twelve  specimens  of  the  latter. 

[N.B.— Mr.  E.  T.  Newton,  F.G.S.,  of  the  Museum  of  Geology, 
Jermyn  Street,  is  examining  and  naming  the  fish  and  Crustaceaiis 
mentioned  in  this  paper,  and  his  description  of  them  will  appear  in 
due  course.] 

VII. — On   HmDEASTRjsA,  a   New  Gbnbbio  Form  op  Cbetaceous 

ASTBiEIDiB. 

By  Dr.  Charles  A.  Whitb. 
Palaeontologist,  U.S.  Geological  Survey. 

niHE  little  Coral  here  described  was  discovered  in  Kaufman 
J.  County,  Texas,  in  strata  of  the  Ripley  Group,  by  Dr.  R.  H. 
Loughridge,  and  presented  by  him  to  me,  together  with  a  few 
chaiticteristic  molluscan  species  of  that  group  which  he  found  asso- 
ciated with  it.  Tlie  Ripley  Group  is  the  uppermost  division  of  the 
dretaoeous  series  Iq  the  States  which  border  upon  the  Gulf  of 
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Mexico ;  and.  probably  represents  approximately  the  Upper  Chalk 
of  £ngland.  B^garding  it  as  a  new  generic  form  I  herewith  give  a 
diagnosis  and  figares  of  it ;  and  being  the  only  species  known  to 
me,  the  diagnosis  is  necessarily  based  upon  this  alone, 

HiNDBASTBAA,  gen.  nov. 

Corallum  depressed  or  discoid,  simple  in  the  earlier  stages  of 
growth,  but  afterward  becoming  compound  by  gemmation ;  basal 
epitheca  marked  by  both  radiating  strisD  and  concentric  rugae  i 
corallites  few,  without  true  columella,  their  outer  walls  fused 
together  when  in  contact,  and  moderately  strong ;  radiating  septa 
bilaminate,  subequal  in  thickness  at  their  periphei^  ends,  consisting 
of  three  or  four  cycles  as  regards  their  length,  subspinulose,  tuber- 
cnlose,  or  rugose  upon  their  sides  and  upon  their  free  upper  edges ; 
dissepiments  few  or  absent 


-V.  ^ 


Fig.  1.  Calicular  view  of  the  largest  example  discovered. 
Fig.  2.  Lateral  yiew  of  the  same. 
Fig.  3.  Calinular  view  of  a  medium  sized  example. 
Fig.  4.  Under  view  of  the  same,  showing  the  hasal  epitheca. 
Fig.  5.  Calicular  view  of  a  corallite  upon  which  no  gemmation  has  occurred.    All 
the  figures  are  of  natural  size. 

This  genus  is  related  to  laastraa,  E.  and  H.,  but  it  differs  from 
the  latter  in  its  mode  of  growth,  haatrcea  being  massive,  and  the 
dissepiments  of  its  coraHites  being  usually  numerous  and  well 
developed.  The  extreme  shortness  of  the  axis  of  the  corallites  of 
Hindeastraa  gives  little  or  no  space  for  the  development  of  dissepi- 
ments. The  walls  of  the  corallites  also  form  more  distinct 
boundaries  between  the  calices  than  is  usual  in  Isaatraa, 

The  generic  name  is  given  in  honour  of  Dr.  G.  Jennings  Hinde. 

HiMDEASTBiEA  DISCOIDEA,  Sp.  UOV. 

Corallum  irregularly  discoid  or  much  depressed,  attached  by  the 
apex  of  the  original  corallite,  or  free ;  corallites  few,  very  short  but 
moderately  broad;. the  walls  of  the  adjacent  corallites  usually  in 
contact  and  fused  together,  when  the  border  is  polygonal ;  but  they 
sometimes  have  a  tendency  to  separate,  when  the  border  is  sub- 
circular  ;  calices  slightly  concave  or  nearly  flat ;  their  borders  more 
or  less  prominent  and  clearly  defined ;  radiating  septa  prominent, 
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22  to  26,  usoally  24,  in  number ;  those  of  the  first  cycle  foar  to 
six  in  number,  reaching  nearly  or  qnite  to  the  centre  of  the 
corallite,  where  they  are  more  or  less  contorted.  Those  of  the 
second  cycle  do  not  usually  terminate  interiorly  by  free  ends,  hut 
are  there  joined  to  one  another  or  to  those  of  the  first  cycle. 
Those  of  the  third  cycle  usually  terminate  like  those  of  the 
second,  but  are  sometimes  free  at  the  inner  end ;  the  sides  and  free 
edges  of  the  septa  subspinnlose  or  tuberculose.  The  number  of 
corallites  in  a  corallum  varies  from  one  to  seven  or  eight,  their 
gemmation  taking  place  at  the  margin  of  the  calice,  and  usoally  after 
the  original  corallite  had  attained  considerable  size. 

Diameter  of  the  largest  calice  observed,  8  millimeters. 

The  type  specimens  ^  are  preserved  in  the  U.  S.  National  Mnseom, 
at  Washington. 

Washington,  June  12M,  1888. 


I. — *'  Sub  LE8  TEL^osTtENS  Du  RupiLiEN.**    By  L.  DoLLO  and  R. 
Storms.     (Zool.  Anzeiger,  No.  279,  1888.) 

MESSRS.  DOLLO  and  STORMS  have  undertaken  the  investiga- 
tion  of  the  Fossil  Fishes  of  the  Mesozoic  and  Tertiary  deposits 
of  Belgium,  and  we  are  glad  to  welcome  the  first  brief  instalment 
of  the  results  of  their  joint  researches.  The  present  note  deals  with 
the  systematic  position  and  nomenclature  of  the  genera  Sphyranodus, 
Agassiz,  and  Scomberodon,  P.  J.  van  Beneden.  Dictyodus,  Owen. 
is  adopted  as  the  correct  name  for  the  so-called  Sphynenodua^  and 
the  fish  is  referred  to  the  Scombridse,  on  account  of  the  characters 
of  its  dentition,  premaxilla«  palatine,  mandible,  and  the  caudal  region 
of  the  vertebra]  column.  It  is  respectively  separated  from  Cyhiwn 
and  Felamys,  its  nearest  allies,  by  its  single  series  of  large  conical 
palatine  teeth,  and  by  the  greater  strength  of  its  dentition  and  pre- 
niaxilla.  Scomberodon  is  considered  to  be  identical  with  Cyhium,  and 
the  type  must  henceforth  be  known  as  Cybium  Lhimonli. 

A.  S.  W. 

II. — Prop.  Dr.  W.  Dames  on  Gioantichthts  pharao,     (Sitzungsh 
Ges.  naturf.  Freunde  Berlin,  1887,  p.  187.) 

THE  generic  name  Titantchthys  being  preoccupied.  Prof.  Dames 
suggests  that  of  Gigantichthys  for  the  large  Cretaceous  fish- 
teeth  from  Egypt,  already  described  under  the  name  of  Tiianichihyi 
pharao  (see  Geol.  Mag.  for  April,  1888,  p.  167). 


^  Specimens  of  this  Coral  have  been  presented  to  the  British  Natural  Historj 
Museum  through  Dr.  Q.  J.  Hinde. 
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—British  PsTBoaRAPBT,  with  Spboial  Rbferbnob  to  thb 
Ignbous  Rooks.  By  J.  J.  Harris  Teall,  M.A.,  F.G.S.  (London, 
Dulttu  &  Co.,  1888.)  Royal  octavo,  pp.  470,  with  47  Chromo- 
lithographic  Plates. 
^OR  some  years  students  have  been  longing  for  a  well-illustrated 
.  and  comprehensive  work  on  the  mineral  structure  of  rocks, 
emoirs  on  certain  parts  of  the  subject,  such  as  Wadsworth*s 
ithological  Studies,  or  ZirkePs  Microscopical  Petrography,  were 
ioessible  without  much  difficulty ;  there  was  the  Mineralogie  Micro- 
■aphique  of  MM.  Fouque  and  Levy,  with  its  splendid  illustrations, 
it  this  is  written  too  much  from  the  mineralogical  point  of  view 
r  the  ordinary  student,  and  Professor  Rosenbusch's  **  Mikroscopische 
hysiographie  der  massigen  Gesteioe,"  though  a  treasure  house  of 
udition,  is  vitiated  by  a  faulty  principle  of  classification,  and  is 
most  without  illustrations.  Moreover,  it  is  not  every  student  who 
m  read  French  or  German  with  as  much  facility  as  English. 
^e  have  now  a  book  in  our  own  language  which  is  comparable  in 
3  illustrations  with  that  of  Fouqu^  and  Levy,  and  in  its  erudition 
ith  the  treatise  of  Rosenbusch.  True,  it  deals  only  with  British 
Ksks,  but  these  are  so  comprehensive,  that  there  is  comparatively 
ttle  wanting  to  make  it  a  complete  work  of  refei*ence  so  far  as  those 
'  igneous  origin  are  concerned. 

The  work  is  illustrated  by  several  woodcuts  interspersed  in  the 
xt  and  by  47  coloured  plates — the  former  occasionally  leave  some- 
liug  to  be  desired  in  clearness,  but  the  latter  as  a  rule  are  excellent, 
id  are  accompanied  by  outline  key-plates.  The  examples  on 
le  whole  appear  to  be  very  judiciously  selected.  The  task  before 
[r.  Teall  was  not  quite  so  difficult  as  the  proverbial  decanting  the 
cean  into  a  pint  pot ;  but  still  the  plethora  of  wealth  must  have 
kused  him  no  little  embaiTassment  If  we  were  disposed  to  take 
cceptions,  we  should  say  that  a  little  too  much  favour  had  been 
lowu  to  the  more  basic  rocks,  though  in  these  we  still  desiderate  a 
^hylite,  and  to  the  pyroxenic  group  of  minerals,  and  that  the 
election  of  the  non-igneous  rocks,  necessarily  a  very  restricted  one, 
as  not  in  every  case  the  best  possible.  Of  the  47  plates,  rather 
lore  than  eight  are  devoted  to  the  peridotites,.picrites,  and  serpen- 
nes,  and  it  takes  full  thirty  plates  to  get  clear  of  the  more  basic 
ilf  of  the  igneous  rocks.  Thus,  the  more  acid  group — granites, 
aartziferous  felstones,  pitchstones,  and  kindred  rocks — seem  to  us 
kther  inadequately  represented.  It  is,  no  doubt,  difficult  among  so 
lany  excellent  figures  to  suggest  excision,  but  we  doubt  whether 
vo  are  needed  in  the  case  of  quartzite,  and  whether  the  student  will 
am  much  from  that  of  a  crushed  quartzite.  Indeed,  either  the 
^ure  is  not  very  successful,  or  the  rock  prior  to  its  deformation  was 
3t  very  like  the  normal  quartzite  represented  in  the  upper  part  of 
te  plate,  but  must  have  been  a  much  ''dirtier*'  example.  Again, 
le  deformed  volcanic  breccia  in  plate  xlv.  should  have  been  placed 
de  by  side  with  a  normal  specimen.     Indeed,  throughout  the  book 
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we  think  the  author  leans  a  little  too  mnch  upon  dynamic  metamor- 
phism,  real  or  supposed.  Thus,  there  is  only  one  figure  illustratiDg 
contact  metamorphism  in  a  sedimentary  rock,  and  that  is  the  some- 
what abnormal  case  of  the  chiastolite  slate  of  Skiddaw.  We  should 
have  gladly  seen  with  it  an  example  of  the  mica-andalusite  rock 
which  occurs  in  the  same  region  nearer  to  the  intruslTe  granite. 
But  when  one  remembers  the  exceptional  difficulties  under  which  Mr. 
GVall  has  accomplished  his  task — for  the  failure  of  the  first  publisher 
threatened  to  shipwreck  the  book,  at  a  comparatively  early  stage  of 
its  issue,  and  the  author  has  completed  it,  at  his  own  risk,  without  any 
hope  of  profit,  and  with  more  than  a  possibility  of  loss — it  seems 
ungenerous  to  cavil  at  minor  blemishes,  for  the  book  now  comes 
almost  as  "  a  gift-horse." 

So  we  will  allow  ourselves  but  one  other  criticism.  The  title  of 
the  work  does  the  author  an  injustice — it  is  not  a  Petrography,  but 
a  Petrology.  No  doubt,  as  he  says,  the  work  is  to  a  large  extent 
devoted  to  a  description  of  the  rocks  so  far  as  this  is  dependent  on 
the  examination  of  hand  specimens ;  but  the  significance  of  the 
structures  and  of  the  relations  of  the  minerals  are  again  and  again 
discussed ;  indeed,  the  chapters  on  the  characters  and  classification 
of  igneous  rocks,  on  their  origin,  metamorphosis,  and  destruction, 
are  of  the  highest  value.  We  lay  some  stress  on  this  verbal  question, 
because  the  confusion  between  the  two  terms  Petrography  and 
Petrology  is  bo  common,  especially  among  continental  writers. 
Perhaps  the  author  would  thus  defend  his  selection  of  a  title ;  but 
we  have  yet  to  learn  that  "  following  the  multitude  to  do  evil "  is  a 
valid  excuse  in  science  any  more  than  in  ethics.  The  distinction 
between  a  "  graphy  "  and  a  "  logy  "  is  indisputable,  for  it  rests  on 
the  inherent  significance  of  words — and  no  concurrence  of  authors, 
however  eminent  in  science,  can  alter  this.  The  "  petrographer " 
must  be  content  to  walk  with  the  geographer  and  shake  hands  with 
the  photographer ;  to  receive  only  a  bow  of  condecension  from  the 
mineralogist  and  the  geologist. 

The  dominant  principle  of  Mr.  Teall's  work  we  believe  to  be  a 
thoroughly  sound  one.  It  is,  that  to  give  an  accurate  description  of 
a  rock  is  a  vastly  more  important  matter  than  to  give  it  a  name.  A 
rock  type  is  to  be  regarded  as  the  *  locus '  in  which  a  group  of 
characteristics  meets,  as  a  convenient  expression  of  a  complex  idea, 
rather  than  as  a  distinct  entity.  Hence,  though  we  are  obliged  to 
name,  and  are  bound  to  define  with  some  precision,  our  ideal  types, 
though  it  is  unpardonable  to  misapply  their  names — as,  for  instance, 
to  call  a  rock  a  serpentine  when  it  contains  much  silicate  of  alumina 
and  comparatively  little  silicate  of  magnesia — still  our  species,  as  we 
may  call  them,  should  be  made  as  inclusive  as  possible,  and  preci- 
sion should  be  obtained  rather  by  addition  of  epithets  than  by 
novelty  in  nomenclature. 

The  first  chapter  of  the  book  gives  an  admirably  clear  sketch  of 
the  constituents  of  igneous  rocks,  describing  their  various  forms, 
nnci'olithic  and  otherwise,  together  with  an  outline  of  the  work 
which  has  been  done  in  the  study  of  inclusions  in  minerals  Hud  tiie 
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signifioaDoe  attached  to  them  by  Tarious    workers.      Sucoeeding 
chapters  summarize  the  chemical  and  physical  characters  of  igneous 
rooks,  giving  a  brief  notice  of  the  uses  made  of  certain  chemical 
solutions  in  separating  rock  constituents,   and   determining  their 
specific  gravity.     Indeed,  we  may  say  that  in  every  part  Mr.  Teall 
appears   to  have  brought  up   his  information  to   the  latest  date, 
though   he   wisely  abstains  from   burdening  his  book  with  long 
descriptions  of  methods    of  investigation,    chemical    or   physical. 
Next  comes  the  classification  of  igneous  rocks,  where  the  principle 
already  noticed  is  enunciated.     The  author  also  discusses  the  vexed 
question  of  geological  age  as  a  primary  factor  in  classification  of 
igneous  rocks.     Here  British  petrologists  have  for  some  years  been 
at  issue  with  most  of  their  fellow-workers  on  the  Continent.     Of  the 
ultimate  result  of  the  contest  there  can  now  be  little  doubt.     Mr. 
Teall  takes  this  position,  "  While  declining  to  accept  geological  age 
as  a  primary  factor  in  classification,  .   .   •   the  present  writer  is 
strongly  of  opinion  that,  if  possible,  it  should  receive  indirect  ex- 
pression. ...   So  when  any  peculiarity  of  texture  or  composition 
ean  be  shown  to  characterize  rocks  of  a  particular  period,   that 
peculiarity  should  be  utilized  for  purposes  of  classification."    To 
this  concession  no  reasonable  objection  can,  in  our  opinion,  be  made : 
probably,  however,  it  will  be  rarely  of  avail   in  practice.      The 
succeeding  chaptei-s  describe  the  more  important  varieties  of  igneous 
rocks.     This  portion  of  the  book  will  be  found  by  the  student  a 
perfect  mine  of  valuable  information  very  lucidly  arranged.     Mr. 
Teall  has  mastered  the  voluminous  literature  of  the  subject,  and 
gives  an  admirable  summary  of  the  result  of  his  studies.     His  un- 
wearied patience  and  assiduity  will  cause  future  workers  to  invoke 
blessings  on  his  name,  and  to  save  them  from  being  crushed,  to  use 
Professor  Huxley's  metaphor,  beneath  the  gifts  which  have  been 
heaped  upon  them  ;  gifts,  among  which,  as  in  the  ease  of  Tarpeia, 
there  is  much  metal  of  greater  weight  than  worth,  as  well  as  the 
gold.     This  sketch  is  to  a  certain  extent  critical  as  well  as  historical, 
as  it  should  be,  but  it  is  executed,  as  a  rule,  in  a  thoroughly  judicial 
spirit     If  the  author  shows  any  bias,  it  is  in  an  occasional  disposition 
to   regard   dynamic    metamorphism   too    much   as    an   established 
theory  rather  than  a  probable  hypothesis.     Perhaps  also  it  would 
have  been  well  to  have  mentioned  that  in  some  cases  where  foliation 
is  claimed  as   the   result  of  regional  or  dynamic  metamorphism, 
difficulties   have   been  indicated   and   other  hypotheses   suggested. 
Still,  this  potent  factor  of  change  has  been  so  overlooked  of  late 
years,  that  we  are  glad  to  see  the  student's  attention  called  to  it, 
It  must  hold  a  prominent  place  in  future  among  the  agencies  of 
metamorphism,  though  we  doubt  whether  Ecpiesis  will  ultimately 
enjoy  a  supremacy  quite  as  universal  as  seems  at  present   to  be 
claimed  by  some  of  her  newly -converted   devotees  I 

Under  each  principal  group  the  author  describes  the  different 
examples  and  varieties  of  igneous  rocks«  according  to  their 
ge(^raphical  distribution,  thus  adding  to  the  utility  of  his  book  as 
awock  of  reference*    There  is  a  particularly  valuable  sketch  of  the 
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*  Mica  Traps.'  The  nepheline  rooks  of  oourse  can  only  be  illnstrated 
by  the  well-known  example  firom  the  Wolf  Book,  and  for  a  leucite 
rock  the  author  has  had  to  go  beyond  the  limits  of  the  British 
Isles.  Here  we  think  a  better  example  might  have  been  found  for 
figuring  than  that  which  he  has  selected.  The  principal  types, 
however,  are  all  briefly  described  in  the  text  There  is  an  excdlent 
chapter  on  Contact  Metamorphisra,  and  that  which  follows,  on  the 
origin  of  Igneous  rocks,  is  one  of  the  most  valuable  in  the  book ;  for 
it  contains  a  discussion  of  the  experiments  by  the  late  lamented 
Prof.  Guthrie,  on  eutectic  solutions,  and  of  the  no  less  important 
researches  of  Lagorio  on  the  crystallization  of  minerals  out  of 
igneous  magmas.  The  work  ooucludes  with  a  discussion  of  the 
metamorphoses  and  destruction  of  Igneous  rocks,  which  is  to  some 
extent  a  summary  of  questions  touched  upon  in  the  body  of  the 
work.  Dr.  Hatch  hax  contributed  a  glossary  of  terms  used  in 
describing  rocks,  for  which  also  the  student  should  be  duly  grateful, 
as  its  compilation  must  have  cost  much  labour  of  a  rather  dull  kind. 
We  have  not  attempted  to  give  a  full  summary  of  this  admirable 
work.  Its  422  large  octavo  pages  are  so  replete  with  valuable 
matter,  that  this  would  be  impossible,  and  we  have  no  disposition  to 
save  the  student  from  the  labour,  no  less  profitable  than  pleasant,  of 
reading  the  book.  It  is  one  which  every  geologist  who  desires 
accurate  information  on  the  structure  of  our  igneous  rocks  should 
have  upon  his  shelves.  We  have  frankly  ventured  one  or  two 
small  criticisms,  but  we  wish  it  to  be  understood  that  these  relate 
in  the  main  to  questions  where,  doubtless,  the  personal  equation 
come  in,  with  the  reviewer  as  well  as  with  the  author — and  conclude 
by  no  less  frankly  asserting  that  it  bears  on  every  page  testimony  of 
the  most  conscientious  labour, and  is  not  only  a  careful  compilation,  but 
also  full  of  the  results  of  original  research.  Knowing  well  Mr.  Teall's 
abilities  and  learning,  we  had  expected  much,  but  we  have  found 
more.  Henceforth  he  will  hold  a  place  in  the  foremost  rank  not 
only  of  petrographers  but  also  of  petrologists.  T.  G.  B. 


11. — Rkport  on  a  Part  of  Northern  Alberta,  and  Portions 
OF  Adjacent  Districts  of  Assiniboia  and  Saskatchewan. 
By  J.  B.  Tyrrell,  B.A.,  F.G.S. ;  pp  1  E  to  176  E,  with  Appen- 
dices i — iv  and  two  Maps.  (Geological  and  Natural  History 
Survey  of  Canada,  Part  E,  Annual  Keport  for  1886;  Montreal, 
1887.) 

IN  this  report  Mr  Tyrrell  furnishes  us  with  an  account  of  the 
geology  and  natural  resources  of  the  tract  surveyed  and  points 
out  the  *'  extent,  position  and  character  "  of  ite  mineral  deposits. 
The  country  traversed  "lies  between  the  Slst  and  54th  parallels  of 
North  latitude,  from  longitude  110°  to  115°  15'  west,  including  an 
area  of  over  46,000  square  miles."  Tlie  author  begins  (p.  7  E)  with 
a  brief  history  of  former  explorations,  among  which  the  most  im- 
portant of  the  earlier  ones  was  that  carried  out  by  Captain  Palliser, 
with  Dr.  Hector  as  Geologist  (1857-1859).  These  pioneer  explorers 
were  followed  by  many  others,  some  of  whom,  like  Milton  and 
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Cheadlo,^  and  W.  F.  Bntler»'  have  made  this  vast  region  familiar  to 
many  readers  hy  the  graphic  descriptions  they  have  given  of  their 
joameyings  through  it;  while  Selwyn  (1873),  Ells  (1876),  and  G. 
M.  Dawson  (1879)  have  added  much  to  our  knowledge  of  its 
geology.  The  physical  features  of  the  country  are  treated  of  in 
detail  by  Mr.  Tyrrell  (pp.  14  E  to  56  E) ;  but  we  have  space  only  for 
a  very  brief  extract  from  this  part  of  his  report  We  learn  that 
''the  general  character  of  the  country  is  that  of  a  sloping  plain, 
breaking  into  abrupt  ridges  to  the  south-west,  where  a  small  area 
of  foot-Lalls  is  included.  From  the  base  of  these  hills,  which  attain 
a  height  of  5000  feet  above  sea-level,  the  country  declines  to  the 
north-east,  sloping  off  from  an  altitude  of  4000  feet,  along  the 
eastern  edge  of  the  foot-hills,  to  1650  feet  at  Fort  Pitt,  on  the 
Saskatchewan.  The  slope,  though  fairly  regular,  taken  as  a  whole,  is, 
however,  broken  by  numerous  high  hills  and  deep  river  channels." 

The  rock  formations  dealt  with  in  the  report,  under  the  head  of 
"  Descriptive  Geology"  (pp.  56  E  to  126  E),  are  enumerated  in  the 
following  table  in  descending  order  : — 
PosT-TxKTiABT.  Feet 

Itecent  Deposita, — SandB,  Clays,  etc 

Ufipar  BotUder  Clay, — Liffht-grey  sand,  and,  generally,  indistinctly 
stratified  clay,  with  peobles  of  gneiss,  quartzite,  etc.    . 

Lower  Boulder  Clay. — Dark-grey,  thick-bedded,  or  massiye,  sandy 
clays,  containing  pebbles  of  quartzite,  etc.,  and  numerous  frag- 
ments of  lignite 

Fehble  Bed. — Quartzite  shingle,  lying  in  a  loose  sandy  matrix 

MiOCSNB. 

Gravels,   fine  sands  and  argillaceous  marls,   the    graTcls   sometimes 

cemented  into  a  hard  conglomerate 270 

Labamib. 

a,  Faekapoo  Seriet. — Grey    and    brownish-weathering,    lamellar    or 

massive  sandstones,  and  oUtc  sandy  shales ;  an  exclusively  fresh- 
water deposit 5700 

b,  Edmonton  Series. — Soft  whitish  sandstones  and  white  or  grey,  often 

arenaceous  clays,  with  bands  and  nodules  of  clay  ironstone,  and 
numerous  seams  of  lignite ;  a  brackish-water  deposit   .        .        .  700 

Fox  Hill  and  Pibrrb. 

Brownish-weathering  sandstones  and  dark-grey  clay-shales  .        .        .  600 

Bbllt  Ritbr  Sbribs. 

Soft,  whitish  sandstones  and  arenaceous  clays,  changing  towards  the 
east  to  light-brownish  and  yellowish  sandstones  and  sandy  shales, 
bottom  not  seen 

"  No  intrusive  rocks  occur  anywhere  throughout  the  district,  and 
below  the  top  of  the  Laramie  there  is  no  evidence  of  any  uncon- 
formity between  the  different  formations.  .  .  ." 

Belly  Btver  Series, — Owing  to  the  uufossiliferous  character  of  the 
beds  aud  the  scarcity  of  sections,  the  exact  boundaries  of  this  series 
could  not  be  accurately  defined.  The  only  fossils  found  were  a  few 
fresh-water  genera,  UntOy  SphcBrtumj  etc.,  and  fragments  of  the  leaves 
and  wood  of  plants.^     No  workable  coal-seams  were  found. 

»  "The  North- West  Passage  by  Land,"  1863. 

^  "The  Great  Lone  Land,"  1873. 

*  Described  by  Sir  W.  Dawson  in  Trans.  Roy.  Soc.  Canada,  1887,  Sect.  iv.  p.  31. 
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Fox  EiU  and  Pierre  Oroup.— The  Fox  Hill  sandstone  and  the 
Pierre  shales  were  found  to  be  so  oompletely  intorbedded  as  to  make 
it  impossible  to  separate  them,  the  yellow  sandstone  at  the  top  of 
the  group  being  precisely  similar  to  that  at  the  bottom,  and  holding, 
moreover,  the  same  fossils,  viz.  Placenticerae  placenta.  Teredo 
burrows,  eto.  A  large  series  of  characteristio  fossils  was  obtained, 
some  of  them  being  new  to  scienoeJ  No  workable  beds  of  ooal  wero 
found  within  the  district  surveyed. 

Edmonton  Series, — This  is  regarded  as  the  most  characteristic 
series  of  the  whole  region,  **  for  though  its  thickness,  wherever 
determinable,  was  never  found  to  exceed  700  feet,  the  horizontal 
position  of  the  strata  causes  it  to  underlie  a  very  large  extent  of 
country  "  from  the  outerop  of  the  **  Big  Coal  Seam,*'  on  the  North 
Saskatchewan,  ''  to  or  a  little  beyond  its  easterly  bend  north  of  the 
Beaver  Hills;  and  stretohing  a  little  south  of  east  to  Red  Deer 
River  in  the  vicinity  of  the  Hand  Hills,  comprising  the  lower  part 
of  the  bold  escarpment,  which  there  forms  the  south-western 
boundary  of  these  hills."  Extensive  Coal-beds  were  found  on  this 
horizon,  which,  commencing  as  a  ''  thin  bed  of  carbonaceous  shale, 
attained  on  the  North  Saskatchewan  a  thickness  of  25  feet.  G^ld 
was  found  in  paying  quantities  disseminated  through  the  rocks  in 
the  vicinity  of  the  "  Big  Coal  Seam  '*  on  the  North  Saskatohewan. 
It  is  washed  out  of  the  sandstone  and  clays,  and  "  settles  with  the 
heavier  sand  and  gravel  on  the  bars  running  out  into  the  stream." 
Regarding  the  derivation  of  the  gold  in  the  Saskatohewan,  it  has 
been  held '  by  Dr.  Selwyn  that  it  was  not  derived  from  the  moun- 
tains at  the  source  of  that  river,  ''  but  rather  was  washed  out  of  the 
soft  rocks  which  form  ite  banks,  after  it  leaves  the  harder  strata  of 
the  mountains.  .  .  ."  (p.  134  E.) 

The  bottom  of  the  Edmonton  Series  rests  conformably  upon  the 
Pierre  Shales,  "  without  any  sharp  line  of  demarcation  between  the 
two,"  the  shales  gradually  losing  their  massive  character,  and  chang- 
ing insensibly  into  thin  beds,  of  brackish-water  origin.  Whereas 
in  the  Pierre  group  remains  of  land  plants  and  animals  were  of  rare 
occurrence,  traces  of  land  plants  and  fragmente  of  the  teeth  and 
bones  of  Dinosaurs  were  met  with  in  considerable  abundance  in  the 
series  under  discussion.  The  last-named  fossils  were  submitted  to 
Professor  Cope  for  determination.  The  rest  of  the  fossils  included 
Molluscs  of  the  genera  Ostrea,  Unio,  Corbieula,  and  Panopea,  and 
plants  consisting  of  Trapa^  Salisburiaf  and  Carpoliihes,  together  with 
fragments  of  exogenous  leaves  and  wood  of  Sequoia  and  Thuja, 

Paskapoo  Series,^ — The  author  thus  designates  "all  the  Laramie 
rocks  lying  above  those  of  the  Edmonton  series,"  and  he  therefore 
includes  Dr.  G.  M.  Dawson's  "  Porcupine  Hills  and  Willow  Creek 
series,  and  all  but  the  lowest  700—900  feet  of  his  St.  Mary  River 

*  These  are  described  by  J.  F.  "Wliiteaves  in  Appendix  I.  of  the  Report,  p.  IWE. 

'  See  Geol.  Surv.  Rep.  for  1873-74,  p.  58  (Montreal). 

3  From  the  "  Blind  Man,"  or  "  Paskapoo ''  River,  which  flows  into  the  Bed  Deer 
River  from  the  north-west,  over  rocks  of  the  Paskapoo  or  upper  sabdirisioD  of  tiM 
Laramie, 
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series."  Its  thiokness  on  Little  Red  Deer  River  was  ascertained  to 
be  at  least  5700  feet,  **  the  bottom  of  the  formation  not  being  seen, 
and  a  considerable  thickness  having  been  probably  removed  from 
the  top  by  denudation.  The  whole  series  was  proved  by  its  fossil 
fauna  to  be  of  freshwater  origin,  shells  of  the  genera  UniOf  Spharium. 
Limnaa,  Fhysa,  Ooniobasisy  eta,  attesting  this  fact  Fossil  plants  of 
the  genera  Sequoia,  Taxodium,  Fkttanm,  Quercus,  Foptdus,  Salix, 
VUmmum,  etc.,  were  also  collected. 

It  will  be  observed  in  the  table  of  strata  above,  that  the  Edmonton 
and  the  Paskapoo  series  are  given  as  subdivisions  of  the  Laramie, 
the  former  representing  the  Lower  Laramie  of  the  Canadian  Geolo- 
gical surveyors,  and  the  latter  the  Upper.  The  physical  conditions 
under  which  these  two  series  were  deposited  are  thus  described : — 
In  the  Edmonton  series,  which  succeeds  the  marine  beds  of  the 
Upper  Cretaceous,  Mr.  Tyrrell  finds  abundant  evidence  of  the 
brackish- water  origin  of  this  series,  in  the  presence  of  beds  of  coal, 
fragments  of  land  plants,  and  brackish  water  molluscs,  besides 
numerous  bones  of  Dinosaurs,  "  which  have  evidently  been  entombed 
in  the  beds  over  which  they  waded,  or  in  the  marsh  on  or  along  the 
edge  of  which  they  used  to  feed,  or  hunt  their  prey."  He  concludes, 
therefore,  that  this  series  **  was  laid  down  in  shallow  brackish  water 
m  an  almost  land-locked  bay,  or  in  a  great  salt  marsh  near  the 
mouth  of  a  large  river.  •  .  ." 

**  At  the  close  of  the  Edmonton  period,  the  pressure  which  had 
caused  the  uprising  of  the  present  plains-area  from  the  bottom  of 
the  Pierre  sea,  and  which  towards  .the  west  had  raised  the  land  com- 
pletely above  the  surface  of  the  water,  was  relieved  by  the  uplifting 
of  the  Rocky  Mountains  along  a  line  near  the  western  edge  of  this 
great  area,  and  the  **  plains  "  sank  again  beneath  the  surface  of  the 
sea,  now  cut  ofif  entirely  from  the  main  ocean,  and  converted  into  a 
great  inland  lake,  and  a  thickness  of  several  thousand  feet  of  sand- 
stones and  sandy  shales  was  laid  down  on  the  gradually  sinking 
floor ;  these  sandstones  and  shales  being  the  Paskapoo  series  of  this 
report.     .     ." 

No  Dinosaurian  remains  were  discovered  in  these  beds,  but  a 
number  of  land  plants,  land  and  fresh-water  molluscs,  with 
occasional  beds  of  coal  occur  in  them. 

The  Laramie  beds  suffered  a  considerable  amount  of  denudation 
at  the  dose  of  their  deposition,  during  a  period  of  elevation  which 
took  place  before  the  Miocene  beds  began  to  be  laid  down. 

From  all  these  facts  Mr.  Tyrrell  deems  himself  justified  in  con- 
cluding that  the  Cretaceous  Epoch  terminated  with  the  deposition  of 
the  uppermost  beds  of  the  Edmonton  series ;  and  that  the  Tertiary 
Epoch  began  with  the  commencement  of  the  Pat«kapoo  period,  which 
he  regards  as  **  the  representative  of  the  Eocene  of  Europe,'*  an 
opinion  held  also  by  Dr.  Newberry.* 

Concerning  the  exact  age  of  the  Laramie  little  can  be  affirmed 
with  certainty.  We  have  seen  what  Mr.  l^rrelFs  views  are  upon 
the  subject ;  it  may  be  profitable  now  to  consider  those  of  some 

^  Tnms,  New  Yorik  AeadsBByi  Feb.  1886. 
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other  geologists.  The  qnestion  has  been  atfaoked  with  mnch  abilitj 
and  mastery  of  details  by  Mr.  Lester  F.  Ward,  in  a  "  Synopsis  of 
the  Flora  of  the  Laramie  Group."  ^  This  writer  g^res  it  as  his 
opinion  that  "  it  is  wholly  immaterial  whether  we  call  the  Laramie 
Cretaceons  or  Tertiary,  so  long  as  we  oorrectly  understand  its 
relations  to  the  beds  below  and  above  it.  We  know  that  the  strata 
immediately  beneath  are  recognised  Upper  Cretaoeous,  and  we 
equally  know  that  the  strata  above  are  recognized  Lower  Tertiaiy. 
Whether  this  great  intermediate  deposit  be  known  as  Cretaceous 
or  Tertiary  is  therefore  merely  a  question  of  a  name,  and  its 
decision  one  way  or  another  cannot  advance  our  knowledge  in  the 
least"  Sir  William  Dawson,  in  his  memoir  on  the  "Fossil  Plants 
of  the  Laramie  Formation  of  Canada,"'  concludes  "that  we  must 
either  regard  the  Laramie  as  a  transition  Oretaceo-Eooene  g^up, 
or  must  institute  our  line  of  separation  in  the  Middle  Laramie 
division,  which  has,  however,  as  yet  afforded  no  fossil  plants.'* 

Miocene. — "  Resting  on  the  denuded  edges  of  the  LaLramie  in  the 
Hand  Hills,  are  beds  of  light-grey  argillaceous  marls  inter-bedded 
with  fine  grained  sands,  which  pass  upwards  into  a  bed  of  qnartzite 
pebbles,  in  some  places  held  together  by  a  hard  calcareous  cement, 
and  forming  a  compact  conglomerate." 

No  fossils  were  found  in  this  formation,  but  from  its  position  and 
character  it  was  judged  to  be  of  the  same  age  as  the  Miocene  of  the 
Cypress  Hills,  described  by  Mr.  McConnell  in  1884.' 

Post-Tertiary, — ^The  following  are  the  subdivisions  of  this  forma- 
tion, distinguished  by  Dr.  G.  M.  Dawson,  which  hold  good  also  in 
the  area  explored  by  Mr.  Tyrrell : — "  Stratified  sands,  gravels  and 
silts.  Upper  boulder-clay.  Interglacial  deposit  with  peat.  Lower 
boulder-clay.     Quartzite  shingle  and  associated  beds." 

Tliese  beds  overlie  the  greater  part  of  the  region  examined  in  "  an 
extensive,  though  generally  thin,  sheet,"  filling  up  the  irregularities 
in  the  surface  of  the  Cretaceous  and  Laramie  rocks,  and  forming  also 
many  of  the  rolling  hills. 

Economic  Minerals, — First  in  importance  are  the  extensive  deposits 
of  Coal  and  Lignite  which  underlie  an  area  of  more  than  12,000 
square  miles  in  the  western  part  of  the  district  surveyed.  Of 
bituminous  coal,  a  seam  near  the  Bow  River  is  estimated  to  contain 
about  9,500,000  tons  of  coal  to  the  square  mile.  Of  the  lignitic  or 
semi-bituminous  coals,  the  seam  on  the  North  Saskatchewan  River 
was  computed  to  contain  over  150,000,000  tons.  The  occurrence  of 
Go](\  in  tin's  river  has  already  been  noted. 

This  valuable  report  closes  with  four  appendices,  the  first  con- 
taining ilescriptions  by  J.  F.  Whiteaves  of  the  fossils  collected  by 
^Ir.  Tyrrell  (1885  and  1886)  in  the  Cretaceous  and  Laramie  Rocks  ; 
the  second,  *'  Lists  of  Lepidoptera,"  by  Mr.  James  Fletcher ;  the 
third,  "List  of  Elevations";  the  fourth,  "Cree  and  Stoney  Indian 
names  for  places  within  the  area  of  the  accompanying  map."    It 

I  Sixth  Annual  Rep.  of  the  United  States  Geol.  Suit.  1884—85,  Washington,  1885. 

-  Trans.  Roy.  See.  Canada,  Sect.  iv.  1886,  p.  19. 
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may  be  added  that  the  maps  accompanying  the  Report  are  drawn 
to  a  scale  of  seven  geographical  miles  to  one  inch.  One  illustrates 
the  geology,  the  other  marks  the  wooded  and  prairie  tracts  of  the 
country  embraced  in  the  report  A.  H.  F. 

m. — Dr.  Oeoro  Baur  on  Fossil  Chelonia. 

THE  publication  of  preliminary  notes  and  synopses  of  results  is 
often  desirable,  as  affording  the  opportunity  of  criticism  before 
the  completion  of  any  extensive  work ;  and  it  is  sometimes  a  con- 
venient method  of  securing  valuable  co-operation  from  other  workers 
in  a  given  field.  But  when  indulged  in  to  so  great  an  extent  as  is 
now  unfortunately  the  custom  in  some  quarters,  the  practice  becomes 
both  confusing  and  annoying;  and  the  steady  progress  of  science 
degenerates  into  a  mere  struggle  for  "  priority,"  burdened  with 
endless  unfinished  notes  and  crude  speculations.  Such  considerations 
are  once  more  suggested  by  Dr.  Georg  Baur's  latest  remarks  upon 
the  Palseontology  of  the  Chelonia.  Entombed  in  the  form  of  a 
footnote  to  a  four-page  pamphlet  upon  the  origin  of  the  paddles  of 
the  Ichthyopterygia,^  is  the  definition  of  a  supposed  new  genus  of 
Chelonia  from  the  Eeuper  Sandstone  of  Wiirtemberg  I  The  fact  is 
one  of  considerable  interest,  and  the  fossil  of  the  greatest  importance ; 
but  the  future  historian  of  the  Chelonia  is  hardly  to  be  blamed  if  he 
fails  to  discover  the  **  priority  "  of  the  name  Proganochelys  Quenstediiiy 
when  referring  to  this  unique  fossil :  one  author,  indeed,  in  another 
"  preliminary  note  "  upon  the  same  specimen,'  has  already  overlooked 
both  the  description  and  the  name.  The  fossil  is  a  natural  internal 
mould  of  the  carapace  and  plastron  of  a  Chelonian,  especially 
remarkable  for  its  high  degree  of  specialization ;  and  it  is  not 
improbable  that,  when  more  is  known  of  the  animal,  it  will  prove 
to  be  identical  with  Chelythertum  ohscurumy  von  Meyer.  The  plastron 
is  described  as  completely  closed,  and  united  laterally  with  the  cara- 
pace, without  any  fontanel les. 

The  next  reference  to  Proganochehjs  occurs  in  a  letter'  announcing 
the  discovery  of  small  dermal  ossicles  upon  the  limbs  of  Testvdo 
Leithii,  where  the  interest  of  the  genus  is  remarked  upon  in  connec- 
tion with  the  controversy  as  to  the  systematic  position  of  the  Athecan 
Chelonia  :  and  then  the  subject  of  **  Unusual  Dermal  Ossifications  " 
suddenly  develops  into  the  definition  of  another  new  genus,  founded 
upon  the  well-known  "  Chelone  "  Eoffmanni  of  the  Maastricht  Chalk. 
Br.  Baur  proposes  henceforth  to  place  the  latter  in  a  genus  named 
Allopleuron,  on  account  of  the  small  development  of  the  costal  plates 
and  the  narrowness  of  the  marginals.  The  results  are  most  interest- 
ing and  worthy  of  consideration,  but  it  is  not  too  much  to  ask  that 
in  future  we  may  have  the  subjects  under  recognizable  titles,  even  if 
it  is  still  considered  desirable  to  publish  them  in  so  obscure  and 
scattered  a  form.  A.  S.  W. 

*  G.  Baur,  **  Ueber  den  TTraprung  der  Extremitaten  der  Ichthyopterygia,"  Bericht 
M.  Yergamml.  Oberrhein.  geol.  Vereins,  1887. 

'  Zanzewski,  <*£ine  im  Stubensandstein  des  Eeupers  gefundeoe  Schildkrote,'' 
Wilrtt.  Jahresh.  1888,  p.  38. 

'  6.  Baur, ''  Unoraal  Dermal  Osaificatioiis/'  Scieuce,  March  23id,  lESS  Qiol.  ^. 
p.  144). 
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IV. — On  thb  Structure  and  Relations  of  Edkstus,  with  a 
Description  of  a  Gigantic  New  Species.  By  Prof.  J.  8. 
Newberry,  M.D.  (Annals  New  York  Aoad«  SoL  vol.  iv.  No.  4 
(1888),  pp.  1-10,  pis.  iv.-vi.) 

THE  discovery  of  a  new  gigantic  example  of  the  remarkable 
fossil  spine,  Edestus,  in  the  Coal  Measures  of  Mason  County, 
Illinois,  affords  Prof.  Newheri-y  the  opportunity  of  again  reviewing 
the  characters  and  possible  relationships  of  this  anomalous  fish- 
fragment  The  memoir  is  one  of  much  interest,  and  refers  to  nearly 
all  the  points  hitherto  ascertained,  except  Trautschold's  discovery  of 
the  occurrence  of  the  fossil  in  Russia.  It  would,  however,  have 
added  much  to  the  completeness  of  the  discussion,  if  a  microscopical 
section  had  been  prepared ;  for  if  Edestus  consists  of  **  dense  bone  " 
(p.  5),  it  is  certainly  not  a  Selachian  dermal  appendage,  and  if  it  has 
the  well-known  structure  of  the  latter,  it  is  useless  to  speculate  as  to 
its  pertaining  to  a  Ganoid  (p.  4).  From  various  other  considera- 
tions, Prof.  Newberry  concludes  that  the  original  fish  must  have 
been  a  Selachian ;  and  the  fossil  is  regarded  as  an  undoubted  spine. 
The  latter  must  have  been  ''  buried  in  the  integuments  throughout 
its  entire  length ;  the  enamelled  denticles  alone  projecting  above 
the  surface  to  form  a  saw,  which  would  be  a  terrible  weapon,  if 
placed  upon  some  flexible  portion  of  the  body  where  it  could  be 
used  with  freedom  and  power.  The  extremity  of  the  spine  may 
have  lain  in  a  sheath  from  which  it  could  be  partially  erected  by 
muscular  action,  and  used  as  the  lancet  of  the  surgeon  fit^h 
(Acanthurus)  is ;  but  the  bilateral  symmetry  of  EdestuB  proves  that 
if  employed  in  this  manner  it  must  have  been  located  on  the  upper 
margin  of  the  tail  or  back."  The  arrangement  is  considered  to  be 
best  explained — perhaps  precisely  paralleled — by  Trygon,  in  which 
**  a  considerable  number,  sometimes  five  or  six,  defensive  spines  are 
set  in  the  place  of  the  posterior  dorsal  fin.  They  come  into  use  in 
succession,  like  the  fangs  of  venomous  serpents.  As  the  anterior 
one  loses  its  denticles  or  becomes  worn  or  broken,  it  falls,  and  is 
succeeded  by  another /row  behind.  Yet  several  may  be  in  existence 
and  effective  at  the  same  time,  all  arising  from  a  common  segmented 
bony  base  which  grows  by  additions  to  its  posterior  extremity." 
The  new  spine  of  Edestus  gtganteus  is  at  least  18  inches  in  length, 
by  7^  inches  in  breadth,  and  indicates  the  enormous  dimensions  to 
which  tlie  fish  must  have  attained,  if  this  ingenious  explanation 
proves  true.  A.  S.  W. 

Geolooioal  Society  of  London. 

I.— June  6,  1888.— W.  T.  Blanford,  LL.D.,  F.R.S.,  President,  in 
the  Chair. — The  following  communications  were  read  : — 

1.  The  following  letter  from  H.M.  Secretary  of  State  for  India 
accompanying^  some  specimens  of  rubies  in  the  matrix  from  Burmah:— 

"India  Office,  Whitehall,  S.W.,  2nd  June,  1888.— Sir,—!  am 
directed  by  the  Secretary  ol  ^Xa\;b  ioT\\v^\&mCiOu.ncil  to  present  to 
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the  G^Iogioal  Society  some  specimens  of  Barmese  rubies  attached  to 
their  matrix,  which  were  procured  by  Mr.  Barrington  Brown,  at 
present  employed  by  Government  in  examining  the  mines  which 
came  into  their  possession  on  the  annexation  of  Upper  Burmah." — 
Mr.  Barrington  Brown  writes  concerning  these  specimens  thus : — 
'I  send  •  •  six  specimens  of  rubies  in  granular  limestone,  where 
they  were  formed.  They  were  obtained  by  blasting,  under  my 
direction,  in  a  place  formerly  mined  by  natives.  ...  As  1  believe 
the  fact  of  the  ruby  being  traced  to  its  matrix  is  new  to  science,  the 
specimens  may  prove  of  interest  to  scientific  men.  ...  I  should  like 
Professor  Judd,  President  of  the  Greological  Society,  to  see  the  speci- 
mens.'— I  am.  Sir,  your  obedient  servant  (signed)  J.  A.  Godley. — 
President,  Geological  Society." 

2.  "On  the  Sudbury  Copper  Deposits  (Canada)."  By  J.  H. 
Collins,  Esq.,  F.Q.S. 

These  deposits  occur  in  Huronian  rocks.  The  author  described  two 
exposures,  known  as  Copper  Clifif  and  Stobie,  about  8  miles  apart. 
At  the  former  the  ore  was  found  in  the  face  of  a  cliff  of  diorite 
about  40  ft.  high. 

The  ore  exists  in  three  distinct  forms : — 

1.  As  local  impregnations  of  siliceous  and  felspathic  beds  of  clastic 
origin,  in  the  form  of  patches  and  strings  of  cupreous  pyrrhotite. 

2.  As  contact-deposits  of  the  same  material  lying  between  the  im- 
pregnated beds  and  large  masses  of  diorite. 

3.  As  segregated  veins  of  chalcopyrite  and  of  nickeliferous 
pyrrhotite,  filling  fissures  and  shrinkage-cracks  in  the  ore  masses 
of  the  second  class. 

The  author  considered  the  first  as  original,  or  of  high  antiquity  ; 
whilst  the  two  latter  are  due  to  segregation  produced  either  by  intru- 
sion of  diori  te,  or  by  internal  movements.  He  compared  these  deposits 
with  those  of  Rio  Tin  to  of  Devonian  age,  showing  their  similarities 
and  differences.  At  the  latter  place  the  intrusive  masses  are  quartz- 
porphyries,  and  the  metallic  deposits  consist  mainly  of  bisulphide 
of  iron.  The  ore-bodies  in  the  Canadian  deposits  are  not  so  large. 
From  the  cupreous  pyrrhotite  of  Sudbury,  rich  though  it  be,  com- 
pared with  the  Kio  Tinto  ore,  the  copper  cannot  be  so  cheaply  ex- 
tracted by  the  wet  method,  and  the  ore  is  of  no  avail  as  a  source  of 
sulphur.  Nickel  is  everywhere  present  in  the  cupreous  pyrrhotite 
of  Sudbury,  and  of  no  advantage  to  the  smelter.  The  differences 
above  recorded  are  probably  not  due  to  differences  in  the  containing 
rocks,  since  similar  differences  may  be  noticed  in  the  pyritous  deposits 
of  Canada,  where  the  country  rocks  are  identical. 

3.  "  Notes  on  some  of  the  Auriferous  Tracts  of  Mysore  Province, 
Southern  India."     By  George  Attwood,  Esq.,  F.G.S.,  F.C.S.,  etc 

The  author  was  employed  during  parts  of  1886-7  in  inspecting 
a  large  area  of  mineral  lands  in  Southern  India  supposed  to  be 
auriferous,  and  the  paper  contained  the  results  of  his  observations. 

1.  Melkote  Section,  —  This  section  (in  the  Hassan  distiict  of  the 
province  of  Mysore),  starting  one  mile  west  of  Melkote  in  a  north- 
easterly directioni  exposed  gneiMy  mioa-schisty  hornblende-schist, 
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quartzite,  talo-  and  chlorite-BchiBts,  eologite,  and  qnarfz  Teini, 
striking  generally  N.  20^  £.,  and  having  varying  dips.  The  edogite 
was  described  at  length,  and  special  attention  was  called  to  the 
flattening  of  the  contained  garnets,  which  were  probably  originaUy 
almandite ;  other  evidences  of  great  cmshing  were  also  noted. 

In  this  section  and  on  most  of  the  schistose  lands  of  Mysore  i 
dull  grey,  nodular,  and  botryoidal  calcareous  deposit,  known  as 
''  kunkur,"  is  found  in  nullahs,  on  hill-sides,  and  on  the  detritus  of 
old  gold  washings,  and  it  was  suggested  that  the  contained  lime  was 
derived  in  great  measure  from  hornblende-schists. 

Many  quartz  outcrops,  large  at  the  surface  but  diminishing  in 
thickness  downwards,  were  met  with  at  the  east  eud  of  the  section ; 
these  veins  have  a  strike  about  N.  15^  E.  to  N.  20°  E.,  coincident 
with  that  of  the  schists. 

Extensive  gold-washings  have  been  carried  on  in  the  ravines 
and  hill-sides,  and  the  mode  of  occurrence  and  character  of  the  gold 
were  described. 

The  author  considered  the  schists,  as  well  as  the  quartz  veins,  to 
belong  to  very  old  series  of  rocks,  probably  Archasan. 

2.  Seringapatam  Section. — The  second  section  was  taken  in  a 
south-easterly  direction  from  the  72nd  milestone  on  the  Seringapatam 
and  Bangalore  road  to  the  N.W.  side  of  the  village  of  Arakere. 
Gneiss,  hornblende,  and  mica-schists,  etc.,  were  here  met  with, 
striking  about  N.  20°  E.  with  varying  dips.  These  were  traversed 
by  auriferous  quartz-veins  which  had  been  largely  worked,  and  the 
author  gave  a  description  of  the  former  methods  of  extracting  the 
gold. 

At  the  S.E.  end  of  the  section  the  schists  were  found  to  be  much 
broken  by  porphyrite  dykes  of  much  more  recent  origin,  most  likely 
of  Tertiary  age.  A  small  granite  dyke  intersected  the  Elliot  Lode 
diagonally,  and  was  considered  to  be  of  Upper  Tertiary  age. 

3.  General  Observations, — The  author  described  the  results  of 
traverses  of  other  districts ;  he  pointed  out  the  evidences  of  great 
pressure  which  had  broken  up  the  gneissic  rocks  and  compressed  the 
schists,  and  conjectured  that  this  might  have  been  produced  by  the 
gradual  rise  of  the  Eastern  and  Western  Ghats,  and  finally  called 
attention  to  the  great  denudation  which  the  Mysore  plateau  had 
undergone. 

An  Appendix  by  Prof.  T.  G.  Bonney,  D.Sc,  LL.D.,  F.K.S.,  F.Q.S., 
gave  an  account  of  the  microscopic  characters  of  the  schists,  the 
flattened  garnets,  the  porphyrites,  etc.,  and  in  this  it  was  pointed  out 
that  one  set  of  rocks  belonged  to  an  ancient  series  which,  even  if 
wholly  or  in  part  of  igneous  origin,  assumed  their  present  mineral 
structure  and  condition  at  an  epoch  remote  from  the  present,  whilst 
another  set  was  certainly  igneous  and  of  more  recent  date. 

4.  '*  On  the  Durham  Salt-district."     By  E.  Wilson,  Esq.,  F.G.S. 
In  this  paper  the  author  described  the  new  salt-field  in  the  North 

of  England,  occupying  the  low-lying  country  bordering  the  estuary 

of  the  Tees,  and  situated  partly  in  Yorkshire  and  partly  in  Durham. 

37]e  biBtory  of  the  rise  and  \)rogre8a  of  the  salt-industry  in  South 
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n  was  given,  since  the  first  disoovery  of  salt  by  Messrs. 
w,  Yauglian  &  Co.  at  MiddIesboro\  in  the  year  1859. 
stratigraphical  position  of  the  saliferous  rocks  of  the  Durham 
itrict  was  considered  in  some  detail.  The  diverse  views  which 
een  previously  expressed  on  this  head  were  referred  to,  and 
I  given  for  concluding  that  all  the  beds  of  rock-salt  which 
sen  hitherto  proved  in  this  field,  and  the  red  rocks  with  which 
*e  associated,  belong  to  the  upper  portion  of  the  Trias,  viz. 
[Tpper  Keuper  series  (Waterstones  subdivision), 
probable  area  of  this  salt-field,  the  limits  of  the  distribution 
rying  depths  of  the  chief  bed  of  rock-salt,  were  indicated,  and 
ent  of  its  supplies  pointed  out 

mclusion,  the  author  called  attention  to  the  waste,  as  well  as 
tin  other  disadvantages  resulting  from  the  process  of  winning 
b  now  in  operation. 

On  the  Occurrence  of  Calcisphara,  "Williamson,  in  the 
iferous  Limestone  of   Gloucestershire."     By  E.   Wethered, 

\as.,  F.C.S. 

small  hollow  spheres,  with  varying  forms  of  peripheral 
ages,  described  by  Prof.  Williamson  as  Calcisphara,  were 
in  the  Carboniferous  Limestone  of  Flintshire,  and  were 
;ed  by  him  to  be  possibly  Foraminifera  or  the  reproductive 
m  of  some  marine  form  of  vegetation,  although  he  admitted 
>  forms  hitherto  discovered  afforded  any  definite  support  to 
^othesis.  Prof.  Judd  expressed  a  belief  that  the  objects 
adiolaria ;  whilst  Mr.  Shrubsole  discovered  similar  bodies  in 
tuntain  Limestone  near  Llangollen,  and  conjectured  that  the 
ed  forms  included  both  Foraminifera  and  Radiolaria. 
author  has  discovered  the  Calcisphara  in  great  numbers  in 
rboniferous  Limestone  of  Gloucestershire.  He  discussed  the 
r  of  certain  calcareous  rings  *005  in.  in  diameter,  seen  in 
3  of  the  limestone  of  Clifton,  etc.,  with  siliceous  bodies  which 
described  in  a  recent  paper  read  before  the  Society,  and* gave 
mnt  of  the  calcareous  and  siliceous  forms  which  were  both 
le  to  CalcisphcBrcB.  He  commented  upon  the  character  of  the 
ite  of  lime  of  the  calcareous  bodies,  which  presented  a  granular 
re  characteristic  of  the  truly  organic  portion  of  the  limestone, 
t  a  clear  crystalline  aspect  like  that  of  the  infilling  or  re- 

calcite;  he  concluded  therefore  that  the  tests  had  been 
lly  calcareous,  and  not  siliceous  replaced  subsequently  by 
ite  of  lime.  This  was  urged  as  a  strong  argument  against 
Qg  the  organisms  as  Radiolaria,  and  the  author,  whilst 
ring  it  unwise  to  come  to  a  decided  conclusion,  believed  it 
say  that  they  were  Protozoa. 

S^ond  Note  on  the  Movement  of  Scree-material."  By  C. 
1,  Esq.,  M.A.  Communicated  by  Prof.  T.  6.  Bonney,  D.Sc, 
F.G.S. 

*  briefly  recapitulating  the  substance  of  his  previous  paper, 
hor  now  communicated  the  results  of  experiments  continued 
lar.     He  gave  a  figure  in  which  a  continuous  line  represented^ 
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in  millimetres,  the  moTements  of  the  upper  stone  from  week  to 
week,  whilst  a  contiguous  dotted  line  indicated  the  mean  ranges 
of  temperature.  The  rate  of  descent  does  not  depend  solely  oa 
the  mean  range.  He  gave  the  following  comparison  of  rates  of 
descent : — 

Average  daily  range    Total  mean  deaoent    Bate  of  dcaeent  ia 
of  temperatare.  in  millim.  inchea  per  day. 

Summer,  184  days 14°4  P  8  -00171 

Winter,  182  days  8^-0  B\  -00121 

Thus  the  changes  are  not  altogether  proportional  to  the  ranges  of 
temperature,  being  relatively  higher  in  the  winter  months.  In 
considering  the  influence  of  rain,  be  observed  that  its  effects  are  to 
slightly  increase  the  rate  of  descent  by  diminishing  the  coefficient 
of  friction,  and  by  lowering  the  temperature,  both  as  being  itself 
generally  colder  than  the  air  on  the  ground  surface,  and  also  owing 
to  evaporation.  He  likewise  observed  that  the  rate  of  descent  was 
nearly  doubled  during  the  latter  part  of  the  winter,  chiefly  owing 
to  the  effects  of  snow. 


n.— June  20,  1888.— W.  T.  Blanford,  LL.D.,  F.RS.,  President, 
in  the  Chair. — The  following  communications  were  read  : — 

1.  ''  On  the  Occurrence  of  Marine  Fossils  in  the  Coal-measures 
of  Fife."  By  James  W.  Kirkby,  Esq.  Communicated  by  Trof.  T. 
Eupert  Jones,  F.R.S.,  F.G.S. 

lliis  paper  recorded  the  discovery  of  fossils  of  good  marine  types 
in  the  Fifeshire  Coal-measures.  This  coal-field  is  of  limited  extent, 
the  Coal-measures  dipping  under  the  sea  towards  the  east  and  south. 
ITie  prevailing  fossils  are  those  characteristic  of  the  Coal-measures 
in  other  districts,  Anthracosia,  Anthracomyaf  Anthracoptera,  Spiror- 
bis,  many  fishes,  and  some  few  Amphibian  remains.  Lately  a  sink- 
ing was  commenced  in  the  Upper  Bed  beds,  below  which,  and  just 
above  a  thin  band  of  poor  coal,  a  thick  bed  of  dark  shale  was  passed 
through,  which  proved  to  be  tolerably  fossiliferous.  LingtUa,  Murchi- 
Bonta,  and  two  species  of  Bellerophon  occurred.  This  horizon  was 
subsequently  proved  elsewhere  in  the  district,  and  furnished  the 
following  fossils  from  three  localities,  namely : — Sirephodus  sau- 
roides?  Ag.  (teeth  and  scales) ;  Bhizodopsis,  sp.  (scales) ;  PalsBoniscid 
scales ;  Dtplodus  gtbbosuSy  Ag. ;  Mesodomodtia,  sp.  n. ;  JPeialodui 
Hasiingsia ;  Diacites  rotifer  ?  Salt ;  DisciteSt  sp.  (with  longitudinal 
ribs) ;  Discites,  sp.  (smooth) ;  Orihoceras  atUnuatum  ?  Flem. ;  BeU 
lerophon  Urii,  Flem. ;  Murchiaonia  (Acliama)  striatula,  De  Kon. ; 
SanguinoliteSf  sp. ;  Froducius  semireticulaius,  var.  Jlfarltnt,  Sow. ; 
Diacina  nitida,  Fhill. ;  Lingtda  mytiloidea,  Sow. ;  lAngvla  squami' 
formia;  Crinoid  stems  {Actinocrinua"^)  \  Plant-remains  (obscure). 

Eeference  was  then  made  to  the  occurrence  of  similar  fossils  in  the 
same  formation  elsewhere,  and  particularly  in  the  West  of  Scotland, 
North  of  England,  and  Lancashire.  The  author  concluded,  from 
the  frequency  of  the  beds  containing  true  marine  remains,  that  the 
Coal-measures  were  formed  in  low-lying  areas ;  and  that,  whan  the 
hnd  was  slightly  depres&ed,  at  lvmQ«  the  waters  of  the  jea  Iiad 
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aooep8  to  such  spots,  bringing  back  species  of  shells  and  Orinoids 
that  had  existed  in  the  Carboniferous-Limestone  ocean  of  an  earlier 
period.  Some  farther  remarks  were  made  on  the  peculiar  nature  of 
the  ordinary  fauna  of  the  Coal-measures ;  and  the  author  observed, 
in  conclusion,  that  no  marine  deposits  have  been  observed  as  yet  in 
the  Upper  Red  beds  (d*')  of  the  Fife  or  other  Scotch  Coal-measures. 

2.  **  Directions  of  Ice-flow  in  the  North  of  Ireland,  as  determined 
by  the  Observations  of  the  Geological  Survey."  By  J.  R.  Kilroe, 
Esq.     Communicated  by  Prof.  E.  Hull,  F.R.S.,  F.G.S. 

While  the  strisB  S.E.  of  a  line  drawn  from  Strangford  Lough  to 
Gal  way  Bay  all  trend  in  one  direction,  two  sets  of  stri»  occur  K.W. 
of  that  line,  which  are  generally  at  right  angles  to  each  other,  and 
are  frequently  seen  upon  the  same  rock-surface.  The  direction  of 
one  of  these  is  N.  by  W.  in  Antrim  and  Londonderry ;  N.W.  over 
the  highlands  of  Fermanagh ;  and  N.E.,  N.,  and  N.  by  W.  in 
Donegal,  etc.  That  of  the  second  set  is  W.  2B^  S.,  swinging  round 
to  W.  in  Donegal  and  S.VY.  towards  Gal  way  Bay,  and  is  strikingly 
persistent  throughout  A  few  striations  occur  which  do  not  conform 
to  these  directions,  and  are  attributable  to  local  ice-flows. 

The  second  set  of  striations  was  referred  to  the  ice  of  the  Scottish 
Glacial  System,  and  evidence  was  cited  from  the  researches  of  Messrs. 
Symes  and  M*Henry,  Dr.  Geikie,  and  others  in  support  of  this 
view,  which  is  confirmed  by  the  relative  positions  of  the  boulders 
and  their  parent  rocks.  Striaa  bearing  westward  have  been  observed 
at  a  height  of  1100  feet  in  county  Mayo. 

The  effects  of  the  Irish  Glacial  System  have  been  considered  by 
the  Rev.  M.  Close,  Mr.  G.  H.  Kinahan,  and  Prof.  Hull.  Striations 
occur  up  to  1340  feet  in  Donegal.  The  ice  of  this  system  flowed 
in  a  general  S.E.  direction  to  the  S.  of  the  axis. 

TVith  regard  to  the  relative  age  of  the  two  sets  of  striaa,  it  is 
observable  that  those  bearing  northward  are  by  far  the  most  numer- 
ous ;  so  that,  although  it  is  reasonable  to  suppose  that  a  considerable 
accumulation  of  snow  and  ice  obtained  in  the  Irish  area  whilst  the 
Scotch  system  was  gathering  its  maximum  strength,  the  striations 
produced  by  this  gathering  would  be  largely  effaced  by  the  west- 
ward-flowing Scotch  ice ;  and  that,  after  the  decline  of  the  latter, 
an  independent  Irish  Mer  de  glace  flowed  northward  and  southward, 
finding  its  axis  of  movement  in  the  great  central  snow-field. 

8.  "  Evidence  of  Ice- Action  in  Carboniferous  Times."  By  John 
Spencer,  Esq.,  F.G.S. 

The  author  combated  the  notion  that  there  is  any  d  priori  im- 
probability in  the  action  of  ice  during  the  period  in  question.  In 
the  case  under  consideration,  of  the  two  agents,  land-ice  or  floating- 
ice,  he  was  inclined  to  adopt  the  latter,  as  having  been  the  cause  of 
the  phenomena  he  described.  The  bed  affected  is  the  Haslingden 
Flag-rock,  a  member  of  the  Millstone- Grit  series,  which  is  directly 
covered  by  a  shale  of  the  same  series.  The  surface  of  this  Flag-rock  is 
largely  striated,  the  striae  having  a  N.E.  and  S.W.  direction,  and  being 
nearly  parallel.  1^0  mkffqmi^  is  200  square  feet.  The  Flag-rock 
dips  to  the  east  rtato^'**^'*'**^' but  there  seems  no  ^o^^vbvUt^ 
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of  these  ainm  having  been  prodaoed  by  landslips  or  local  distarbanoe. 
A  quarry  on  the  same  horizon,  near  Bocbdale,  exhibits  similar  phe- 
nomena. As  collateral  evidence  of  ice-action,  he  alluded  to  the 
boulders  frequently  found  in  the  coal-seams. 

4.  "  The  Qreensand  Bed  at  the  Base  of  the  Thanet  Sand."  B; 
Miss  Margaret  L  Gardiner,  Bathnrst  Student,  Newnham  Coll^;e, 
Cambridge.     Communicated  by  J.  J.  H.  Teall,  Esq.,  M.A.,  F.G.S. 

This  bed  may  be  seen  between  Pegwell  Bay  on  the  east  and 
Chislehurst  on  the  west,  and  a  somewhat  similar  bed  occurs  at 
Sudbury,  Suffolk.  An  examination  of  the  Kentish  layer  showed  it 
to  consist  of  45  per  cent,  of  quartz,  15  per  cent  of  glaaconite,  and 
40  per  cent,  of  flint  Amongst  the  rarer  minerals  are  felspar, 
magnetite,  spinel,  zircon,  garnet,  rutile,  tourmaline,  actinolite,  epidote, 
and  chalcedony ;  and  there  are  a  few  microscopic  organisms,  either 
Badiolarians  or  Diatoms,  and  some  Foraminiferal  casts. 

The  Sudbury  Qreensand  has  75  per  cent,  of  its  grains  consisting 
of  glauconite,  and  of  the  quartz-  and  flint-grains  only  10  per  cent, 
are  flint ;  several  of  the  rarer  minerals  found  in  Kent  occur  here  also. 

The  large  flint-percentage  in  the  Kentish  grains  was  alluded  to 
in  support  of  the  existence  of  an  unconformity  at  the  base  of  the 
Tertiary  deposits  of  that  area ;  and  the  relatively  small  percentage 
of  flint  in  the  sands  now  being  formed  along  a  very  similarly  situated 
shore  was  suggested  to  be  due  to  the  drifting  debris  derived  from 
the  coasts  composed  of  Tertiary  and  Wealden  rocks,  which  became 
mixed  with  the  material  brought  down  by  the  Thames. 

5.  ''On  the  Occurrence  oiElephas  meridionalis  at  Dewlish,  Dorset 
By  the  Kev.  0.  Fisher,  M.A.,  F.G.S. 

The  author's  attention  was  first  drawn  to  this  subject  on  seeing  two 
molars  of  an  elephant  in  the  Blackraore  Museum  labelled  **  Dewlish, 
Dorset."  He  at  once  attributed  them  to  E,  meridionalis.  Subse- 
quently he  ascertained  that  they  were  part  of  a  find  made  in  1813 
by  a  Mr.  Hall.  Dr.  Falconer,  from  rubbings,  attributed  the  teeth  to 
E,  antiguua;  and  Dr.  Leith- Adams  would  not  allow  that  they 
belonged  to  E.  meridionalis,  because  that  species  had  never  been 
found  so  far  west.  Last  year  the  author  and  Mr.  Mansel-Pleydell 
went  to  Dewlish,  and  the  latter  has  since  continued  the  workings. 
The  remains  have  been  found  high  up  on  the  face  of  a  steep  chalk 
scarp  facing  west,  10  feet  below  the  brow  and  90  feet  above  the 
existing  stream,  in  such  a  position  as  to  suggest  that  the  deposit  was 
the  result  of  an  undercut  of  the  stream  when  it  flowed  at  a  higher 
level.     It  probably  lies  in  the  prolongation  of  a  line  of  fault  with  a 

deviation  to  the  east     The  following  section  was  given  : — 

ft.  in. 

1.  Chalk  rubble 0  10 

2.  Fine  sand  and  flints,  with  elephant  remains      3  0 

3.  Sand  and  ferruginous  graTel ? 

4.  Flint-material,  waterwom ? 

5.  Sand,  the  lower  portion  with  different-sized  flints     ...  P 

Til  ere  were  no  shells  or  Microzoa. 

The  author  speculated  on  the  probable  lapse  of  time,  and  on  the 
importance  of  the  discovery  of  E,  meridionalis,  a  pre-glacial  mammal, 
80  far  weat     A  list  of  the  bonea  ioMuCi  vi^  ^\n«iv. 
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6.  "On  Perlitic  Felaite«,  probably  of  Archaean  Age,  from  the  Flanks 
of  the  Herefordshire  Beacon,  and  on  the  Possible  Origin  of  some 
Epidosites."     By  Frank  Hutley,  Esq.,  F.G.S. 

The  author  has  previously  described  a  rock  from  this  locality 
in  which  faint  indications  of  a  perlitic  structure  were  discernible. 
In  the  present  paper  additional  instances  were  enumerated  and  a 
description  was  given.  The  perlitic  structure  is  difficult  to  recognize, 
owing  to  subsequent  alteration  of  the  rock. 

Decomposition-products,  apparently  chiefly  epidote,  with  possibly 
a  little  kaolin,  have  been  found  in  great  part  within  the  minute 
fissnres  and  perlitic  cracks. 

The  author  suggested,  from  his  observations,  that  felsites,  resulting 
from  the  devitrification  of  obsidian,  quartz-felsites,  aplites,  etc.,  may, 
by  the  decomposition  of  the  felspathic  constituents,  pass,  in  the  first 
instance,  into  rocks  composed  essentially  of  quartz  and  kaolin  ;  and 
that,  by  subsequent  alteration  of  the  kaolin  by  the  action  of  water 
charged  with  bicarbonate  of  lime  and  more  or  less  carbonate  of  iron 
in  solution,  these  may  eventually  be  converted  into  epidosites. 

He  regarded  it  as  probable  that  the  rocks  are  of  later  Archaean  or 
Cambrian  age. 

7.  "  The  Ejected  Blocks  of  Monte  Somma,"  Part  1,  Stratified 
Limestones."     By  H.  J.  Johnston-Lavis,  M.D.,  F.G.S. 

Introductory, — The  author  referred  to  the  Hamilton  collection,  now 
in  the  British  Museum,  and  to  the  work  of  Prof.  Scacchi,  who 
enumerated  52  mineral  species  as  having  been  found  In  the  ejected 
blocks,  and  indicated  the  importance  of  these  from  a  geological  and 
volcanological  point  of  view.  His  own  collection  contains  over  600 
specimens,  showing  the  graduation  from  unaltered  limestones,  through 
various  stages  of  change  into  numerous  varieties  of  "  true  meta- 
morphic  rocks,"  which,  in  their  turn,  shade  into  igneous  rocks  more 
and  more  approaching  the  several  modifications  of  the  normal  cooled 
magma  of  the  volcano.  Moreover,  such  rocks  come  from  depths 
where  they  have  not  been  affected  by  alterations  of  a  secondary 
nature. 

He  then  gave  a  classification  of  the  varieties  of  ejected  blocks. 
The  Tertiary  rocks  are  but  slightly  metamorphosed,  whilst  the  lime- 
stones of  Cretaceous  or  earlier  age  afford  an  almost  unlimited  series 
of  mineral  aggregates.  Physical  changes  have  converted  them  into 
carbonaceous  and  saccharoidal  marbles ;  next  oxides  and  aluminates 
have  separated,  and  silicates  have  been  introduced.  Such  rocks  come 
under  the  definition  of  accidental  ejectamenta.  They  are  only  ejected 
when  the  apex  of  the  crater-cavity,  formed  by  an  explosive  eruption, 
extends  below  the  platform  of  the  volcano  into  the  underlying  rocks. 
He  then  traced  the  history  of  the  eruptions  of  Somma-Yesuvius 
through  divers  phases,  showing  that  it  was  only  at  a  comparatively 
late  period  that  limestone- fragments  were  blown  out,  though  this  had 
taken  place  long  before  the  Plinian  eruption.  The  stratified  lime- 
stones have  been  chosen  for  the  first  part  of  this  paper,  because  their 
original  lithological  structure  acts  as  a  guide  as  we  proceed  from  a 
normal  limestone  to  its  extreme  modifications. 


882  Correspondence — Mr,  T.  MeUard  Eeade. 

Part  L  — ^The  oharacter  of  the  limestones  whioh  underlie  the  plat- 
form of  Yesuvius  may  be  studied  in  the  peninsula  of  Sorrento,  where 
the  mass  attains  a  thickness  of  4700  feet  They  are  magnesian  in 
varying  proportions.  A  table  was  given  showing  twenty-seven 
analyses,  made  principally  by  Riociardi,  the  amount  of  MgO  ranging 
from  1  to  22  per  cent  Silica  rarely  exceeds  2  or  3  per  oent,  where- 
as in  the  greater  number  of  limestones  it  is  absent  The  bitaminooi 
matter,  though  a  powerful  colouring  agent,  usually  exists  in  quantities 
too  small  for  estimation,  but  sometimes  reaches  3  per  oent  Such 
are  the  materials  out  of  which  the  extraordinary  series  of  silicate* 
compounds  have  been  developed,  and  as  these  materials  of  themselves 
oould  not  form  peridotes,  micas,  pyroxenes,  etc.,  it  is  clear  that  the 
silica,  alumina,  iron,  fluorine,  etc.,  must  have  been  iatroduoed  from 
without,  viz.  from  the  neighbouring  igneous  magma.  The  author 
then  discussed  the  question  of  the  probable  methods,  being  inclined 
to  favour  the  notion  of  vapour  in  combination  with  acid  gases. 

The  bulk  of  the  paper  was  occupied  with  a  detailed  description  of 
the  microscopic  structure  of  these  stratified  limestones  and  their 
derivatives.  The  author  remarked  that  the  same  metamorphio 
changes  may  be  traced  on  a  much  grander  scale  amongst  the  ejected 
blocks,  and  hinted  at  the  similarity  of  these  changes  to  those  of 
oontact-phenomena  as  seen  elsewhere,  and  even  of  regional  meta* 
morphism,  the  two  main  factors  to  be  considered  being  the  composi- 
tion of  the  rock  to  be  acted  upon  and  that  of  the  magma  acting. 

The  changes  whioh  ensue  in  an  impure  limestone  are,  in  the  first 
place,  the  carbonization  of  the  bituminous  contents,  whioh  are  con- 
verted into  graphite ;  and  a  kind  of  recrystallization,  approaching 
the  saccharoidal  structure,  seems  to  have  taken  place,  although  the 
stratification,  etc.,  is  preserved.  A  few  grains  of  peridote  now  begin 
to  make  their  appearance,  chiefly  as  inclusions  within  the  calcite 
crystals,  and  thus  by  degrees  the  results  already  recorded  are  effected. 
In  the  early  stages  only  is  the  metamorphism  selective.  The  order 
in  which  the  new  minerals  seem  to  develope  is  the  following : — (1) 
Peridote,  Periclase,  Humite.  (2)  Spinel,  Mica,  Fluorite,  Galena, 
Pyrites,  Wollastonite.  (3)  Garnet,  Idocrase,  Nepheline,  Sodalite, 
Felspar.  Many  of  these  minerals  are  crowded  with  microliths, 
which  there  is  reason  to  believe  consist  of  pyroxene. 


coi^i^EsiPon^iDEiisroE, 


ELEVATION    AND    SUBSIDENCE. 

Sir, — In  the  suggestion  as  to  the  cause  of  subsidence  and  eleva- 
tion put  forward  by  Professor  Lloyd  Morgan,*  it  is  not  quite  clear 
whether  on  his  hypothesis  he  looks  upon  the  conversion  of  molten 
rock  into  the  crystalline  condition  as  a  case  of  simple  condensation 
by  pressure  following  ordinary  lavas,  or  whether  he  assumes  that 
after  a  certain  prensure  is  applied  the  molten  rock  will  suddenly 
assume  the  crystalline  condition  and  contract,  and  thereby  cause 

*  Gbol.  Maq.  July,  1888,  pp.  291-97. 
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Bnbsidenoe*  For  the  proper  estimation  of  the  effioienoy  of  the  oause 
invoked,  it  is  requisite  that  this  should  be  olearly  set  forth.  That 
lateral  displacement  by  weight  of  accumulated  sediment  together 
with  actual  compression  of  the  rocks  below  may  take  place  in  certain 
cases  is  extremely  probable. 

The  assumption  of  the  existence  of  a  zone  of  molten  rock  at  a 
certain  distance  below  the  surface  of  the  earth  in  so  sensitive  a  con- 
dition as  to  respond  to  the  weight  of  accumulation  by  becoming 
solid  or  that  of  denudation  by  becoming  liquid  is  rather  a  large  one, 
especially  when  the  physical  part  is  unsupported  by  experiment  or 
quantitative  determination.  If  these  were  supplied,  it  would  be 
a  fit  subject  for  investigation,  but  the  suggestion  fails  as  a  general 
explanation  of  subsidence  and  elevation,  even  if  the  assumptions  are 
admitted,  inasmuch  as  it  does  not  cux>ount  for  the  elevation  of  areas 
of  former  great  sedimentation,  which  is  one  of  the  most  striking 
fjEtcts  of  geology.  T.  Mellaro  Beaoe. 

THE  NOMENCLATURE  OP  AMMONITES. 

Sir, — ^I  had  not  much  hope  of  converting  Mr.  Buckman  from 
what,  in  common  with  Mr.  Haddow,  I  conceive  to  be  the  error  of 
his  ways  ;  but  I  wished  to  protest  against  the  system  of  which  he 
is  an  exponent. 

He  still  assumes  that  Mgoceras  and  ArteUtea  are  genera,  which  is 
exactly  what  I  ventured'to  question.  He  says  I  do  not  attempt  to 
discuss  Lioeeras,  but  I  should  have  thought  he  would  understand 
that  it  could  be  treated  in  the  same  way  as  Harpoceras  (if  it  is  a 
group  of  equal  vahie).  Let  us  write  in  catalogues  Ammonitea 
(Lioceraa)  elegana ;  specialists  will  doubtless  prefer  to  call  it  Lioceraa 
elegana ;  but  most  geologists  will  probably  be  content  with  Ammonitea 
elegana,  regarding  Lioceraa  merely  as  a  subgeneric  name. 

My  chief  point,  which  Mr.  Buckman  entirely  fails  to  notice,  is 
this,  that  if  the  specialists  rank  Harpoceraa,  lAoceras,  etc.,  as  genera, 
each  of  them  may  be  accredited  with  a  species  liaving  the  same 
specific  name.  Fancy  half  a  dozen  different  Amm,  elegana  referable 
to  an  equal  number  of  these  so-called  genera. 

A.  J.  Jukbs-Browne. 


"  GEOLOGY  FOR  ALL." 

Sir, — While  thanking  you  for  your  notice  of  "  Geology  for  All," 
perhaps  you  will  permit  me  to  say  that  what  is  called  a  '^  slip  "  is 
explained  by  the  context,  and  is  in  accord  with  the  spirit  and  inten- 
tion of  the  book,  while  the  high  per-centage  of  silica  in  orthoclase 
is  duly  acknowledged  on  page  68,  where  the  fact  is  wanted. 

I  may  add  that  my  aim  was  to  find  a  new  and  intermediate  path 
between  the  two  old  and  well-beaten  ones  of  Academic  or  Text-book 
geology  and  so-called  **  popular  "  or  entertaining  geology,  neither  of 
which  in  my  humble  opinion  is  likely  to  lead  to  the  end  I  have  in 
view,  namely,  a  general  knowledge  of  geology  by  all  well-educated 
people.     lu  the  days  of  Buckland  and  Hugh  Miller,  fossils  were 
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maryelfl,  and  these  certainly  attracted  much  attention  to  geology. 
Now  they  are  no  longer  so,  and  from  my  experience,  and  it  is  not  a 
small  one,  they  and  their  nomenolatare  do  much  to  restrict  a  know* 
ledge  of  the  great  teachings  of  geology  to  the  limited  circle  to  which 
your  reviewer  so  justly  refers.  J,  Logan  Lobley. 

CiTT  OF  London  Collbgb, 
Julif  16M,  1888. 


Gbolooioal  Subyet  of  England  and  Wales. 

We  are  informed  that  Mr.  H.  W.  Bristow,  F.B.S.,  has  retired 
from  the  Directorship  of  the  Geological  Survey  of  England  and 
Wales,  after  a  lengthened  service  of  forty-six  years.  Joining  the 
staff  of.  the  Survey  in  1842,  under  De  la  Beche,  he  commenced 
field-work  in  the  Silurian  regions  of  Radnorshire,  and  subsequently 
surveyed  large  areas  of  the  Secondary  and  Tertiary  strata,  more 
especially  in  Somerset,  Dorset,  Hampshire,  the  Isle  of  Wight,  and 
Sussex.  This  work  has  formed  the  basis  for  all  later  and  more 
minute  observations  on  the  strata.  The  history  of  the  Survey  with 
which  Mr.  Bristow  has  been  so  long  associated  has  been  told  in 
part  in  the  Memoirs  of  Edward  Forbes  and  Murchison  by  the 
present  Director-General,  and  also  in  the  Letters  of  Jukes  ;  and  it  is 
pleasant  to  read  of  the  early  labours  of  the  small  yet  enthusiastic 
band  of  geologists,  who  numbered  only  10  in  1844 ;  but  these 
included  Ramsay,  Warington  Smyth,  John  Phillips,  Aveline,  W.  H. 
Baily,  and  Edward  Forbes.  In  the  genial  company  of  Forbes,  Mr. 
Bristow  carried  on  much  of  his  detailed  work  in  the  Isles  of  Wight 
and  Purbeck ;  and  we  understand  that  a  new  edition  of  Mr.  Bristow's 
Memoir  on  the  Isle  of  Wight  will  shortly  be  published.  Until  1872, 
when  he  was  appointed  Director,  Mr.  Bristow  was  more  or  less 
actively  employed  in  the  field,  devoting  especial  attention  in  these 
later  years  to  the  Rhaetic  or  Penarth  Beds — the  latter  name  being 
given  by  him  on  account  of  the  prominent  exposures  of  these  strata 
on  the  Glamorganshire  coast. 

We  learn  that  Mr.  H.  H.  Howell,  F.G.S.,  Director  of  the  Geological 
Survey  of  Scotland,  now  undertakes  the  additional  duties  of  Director 
for  England  and  Wales,  and  his  excellent  geological  work  in  the 
Midland  counties,  the  North  of  England,  and  the  South  of  Scotland, 
together  with  his  well-known  administrative  capacity,  will  cause  the 
appointment  to  be  hailed  with  satisfaction. 

We  have  also  much  pleasure  in  announcing  that  Mr.  J.  J.  H. 
Teall,  M.A.,  F.G.S.,  has  recently  joined  the  staff,  and  is  specially 
charged  with  the  study  of  the  crystalline  schists  and  the  problems 
of  regional  metamorphism. 
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I. — On  a  New  Spboibs  of  ^qbb  from  thb  Lower  Lias,  of 

WiLMOOTE,  Warwickshire. 

By  Hbmbt  Woodward,  LL.D.,  F.B.S.,  V.P.G.S., 
of  the  British  MuBeum  (Natural  History). 

(PLATE  XI.) 

THE  genns  ^ger  of  Miinster  was  establislied  in  1839,  to  contain 
some  of  the  most  beautiful  forms  of  Prawn-like  Crustacea  found 
in  the  Solenhofen  Limestone  of  Bavaria  (see  Beitrage,  vol.  ii.  p.  64). 
Dr.  Oppel,  in  his  Palsaontologische  Mittbeilungen  (Stuttgart,  1862), 
p.  109,  thus  defines  the  genus  : 

The  inner  antennsd  (antennules),  with  their  long  bifid  filaments, 
start  from  three  strong  basal  articulations,  and  attain  in  most 
specimens  to  twice  the  length  of  the  whole  body.  The  antennal 
scales  are  thin  and  very  long.  The  basal  joints  of  the  inner  antennsd 
are  finely  serrated  along  their  border.  They  are  much  elongated, 
and  project  further  in  front  of  the  head  than  the  outer  antennsB,  as 
is  the  case  in  the  existing  Shrimps. 

The  rostrum  of  the  cephalothorax  forms  a  long  and  slender  spine 
with  several  small  tubercles  along  the  sides.  It  may  even  attain 
the  length  of  the  cephalothorax.  These  characteristics  may  not 
however  all  be  constant  in  the  genus  JEger. 

The  outer  maxillipeds  or  jaw-feet  are  of  great  length,  and  are 
furnished  on  either  side  with  a  row  of  slender  moveable  spines  of 
considerable  length.  A  very  small  spine  usually  springs  from  the 
base  of  each  of  the  larger  spines.  The  first  three  pairs  of  true 
thoracic  feet  are  chelate  at  their  extremities,  and  are  also  partially 
covered  with  similar  moveable  spines. 

The  first  pair  of  chelipeds  are  the  smallest,  the  second  are  some- 
what larger,  whilst  the  third  pair  are  always  the  largest. 

The  fourth  and  fifth  pairs  of  legs  are  monodactylous,  and  are 
generally  very  long  and  slender,  but  vary  in  different  species. 

The  surface  of  the  whole  of  the  integument  is  thin,  but  very  finely 
granulated,  even  the  caudal  plates  displaying  this  character. 

The  form  of  the  abdomen  furnishes  no  marked  peculiarities.  The 
false  abdominal  feet  with  their  basal  articulations  are  frequently 
preserved.  The  outer  caudal  lamellae  are  divided  diagonally  by  a 
line  of  articulation  near  their  distal  extremity. 

Through  the  kindness  of  the  Rev.  P.  B.  Brodie,  M.A.,  F.G.S., 
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Kural  Dean,  and  Vicar  of  Rowington,  near  Warwick,  I  have  received 
a  block  of  Lower  Lias  Limestone  from  the  "  Inaect-bed  "  (AmfMmki 
planorbiS'Zone)  at  Wilmoote,  containing  a  very  well-preserred 
specimen  of  a  Macrourous-Decapod  Crustacean  referable  to  the 
genus  ^ger  of  Miinster. 

The  specimen  was  obtained  by  the  Rev.  H.  E.  Lowe,  M.A., 
residing  at  Wilmcote,  who  procured  it  from  one  of  the  quarrymen, 
and  afterwards  generously  presented  it  to  Mr.  Brodie. 

Like  similar  fine-grained  fissile  limestones,  such,  for  instance,  as 
the  Lithographic  Stone  of  Solenbofen  in  Bavaria,  these  Lias  beds 
divide  up  into  more  or  less  numerous  layers,  the  fossil-remains  being 
exposed  as  impressions  and  counterparts,  upon  the  corresponding 
surfaces  of  the  ^labs  when  split  along  their  lamins9.  In  this  instance, 
however,  only  the  single  slab  containing  one  side  of  the  organism, 
has  been  preserved,  so  that  some  parts  of  the  surface  of  the  body- 
segments  and  appendages,  which  had  adhered  to  the  counterpart, 
have  been  lost  with  it 

The  specimen,  which  is  of  the  bigness  of  an  ordinary-sized  prawn 
—the  body  being  4^  inches  in  length — is  lying  upon  its  left  size. 

Its  rostrum,  which  is  not  serrated,  is  exceedingly  slender,  and  as 
long  as  the  entire  carapace.  The  right  ophthalmite,  and  its  peduncle, 
are  very  well  preserved.  Only  traces  of  the  first  or  inner  pair 
of  antennse  can  be  detected  ;  but  the  outer  antennas,  with  their  long 
multiarticulate  filaments,  can  readily  be  observed,  together  with  the 
prominent  spine  near  the  base  of  the  same  that  gives  support  to  the 
long  oval  antennal  scale,  the  impression  of  which  can  also  be 
clearly  made  out.  Next  is  seen  a  pair  of  extremely  long  spinigerous 
raaxillipeds,  with  simple  non-chelate  extremities,  their  four  distal 
joints  armed  with  two  rows  of  long,  sharp,  and  slender  articulated 
spines  arranged  at  regular  distances  apart  along  each  border. 

Next  follows  the  first  pair  of  walking-legs,  which  are  slender  and 
shorter  than  the  maxillipeds,  and  are  provided  with  chelate  termina- 
tions. The  second  pair  of  legs  are  also  chelate,  and  similar  to  the 
first.  The  third  pair  are  broken  oflf  near  the  body.  The  fourth  and 
fifth  pairs  of  limbs  are  long  and  very  slender,  and  have  likewise 
simple  monodactylous  terminations. 

The  carapace  is  twice  as  long  as  it  is  deep,  its  surface  smooth,  and, 
where  preserved,  of  a  rich  brown  colour.  Just  over  the  branchial 
region  the  carapace  (branchiostegite)  is  wanting  and  we  see  exposed 
the  vertical  ridges  of  the  calcified  endophragmal  system,  consisting  of 
the  infoldings  of  the  lateral  walls  of  the  thorax,  to  which  the  legs 
are  articulated,  and  which  give  attachment  to  the  muscles  of  the 
limbs,  and  upon  the  outer  face  of  which,  but  covered  by  the  over- 
arching branchiostegite,  the  branchia?  or  gills  were  situated. 

The  specimen  measures  106  millimetres  in  length  by  40  mm.  in 
depth,  and  displays  the  cephalothorax  53  mm.  long  by  20  mm.  in 
depth,  the  rostrum  being  24  mm.  long,  the  pedunculated  ophthal- 
mite 4  mm.  long. 

Behind  the  cephalothorax  are  seen  the  six  abdominal  segments  of 
nearly  uniform  size,  the  laat  au^^orting  the  *telson'  or  terminal 
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joint,  wbiob  is  slender  and  pointed,  and  has  the  caudal  lamellsd  of  the 
6th  segment  lying  close  beside  it ;  the  outer  one  of  which  is  marked 
by  a  transverse  articulation  near  its  lower  extremity.  The  false 
abdominal  feet,  with  their  basal  joints  and  their  bifid  multiarticu- 
late  appendages  (exopodite  and  endopodite),  are  also  clearly  seen. 

In  1866  I  described  a  new  species  of  Mger  from  the  Lias  of 
Lyme  Regis,  Dorset  (see  Oeol.  Mao.  1866,  p.  10,  PI.  I.),  lliis 
specimen,  which  I  named  JE^er  Marderi,  is  much  larger,  and  alto- 
gether more  robust,  with  shorter  and  stouter  limbs  than  that  now 
under  consideration.  Mr.  Brodie*s  specimen  is  not  only  smaller,  bat 
the  limbs  are  much  longer  and  more  delicately  slender.* 

Having  many  beautiful  examples  of  these  elegant  Crustaceans 
from  Solenhofen  now  before  me  (part  of  the  grand  collection  formed 
by  Dr.  Haberlein,  and  purchased  of  him  in  1863  for  the  British 
Museum),  I  have  been  able  to  study  and  compare  this  fossil  from 
Wilmcote  with  these,  and  also  with  that  from  Lyme  Regis  referred 
to  above,  and  I  am  of  opinion  that  it  is  specifically  distinct  from  all 
these,  although  the  species  have,  as  a  whole,  a  well-marked  generic 
facies.  I  propose,  therefore,  to  name  this  form  ..^er  Brodiei,  in 
honour  of  my  valued  geological  friend,  the  Rev.  P.  B.  Brodie,  whose 
labours  in  the  Liassic  beds  of  Warwickshire  and  elsewhere,  extending 
over  half  a  century,  have  resulted  in  a  large  accession  of  interesting 
and  beautiful  Arthropoda  to  the  Liassic  Fauna  of  Britain. 


II. — The  Jokdan-Ababah  Depression  and  the  Dead  Sea. 

By  IsRABL  C.  Russell, 

Of  the  United  States  Geological  SuireyJ Appalachian  Division  of  Geology), 
Department  of  the  Interior,  Wastungton,  D.C.,  U.S.A. 

{Concluded  from  the  August  Number^  p.  344.) 

Lacustrine  History  of  the  Dead  Sea  Basin. 

THE  occurrence  of  numerous  terraces  on  the  mountain  slopes  over- 
looking the  Dead  Sea  has  been  reported  by  several  observers, 
but  no  accurate  measurements  of  their  elevations  or  definite  correlation 
of  the  terraces  on  the  opposite  slopes  of  the  depression,  seem  to 
have  been  attempted.  In  the  central  part  of  the  Wady  Arabah 
on  the  west  flank  of  the  promontory  known  as  Samrat  el  Fedan, 
a  terrace,  or  perhaps  more  properly  a  gravel  bar,  has  been  observed 
by  Hull'  at  an  elevation  of  about  1300  feet  above  the  Dead 
Sea.  This*  is  apparently  a  definite  record  of  the  surface  level  of  the 
Dead  Sea  during  a  former  period.  On  the  sides  of  the  Jordan  valley 
the  terraces  range  in  height  from  a  few  feet  to  750  feet  above  the 
river.  The  measurements  reported  show  great  variation  due  princi- 
pally to  an  inclination  of  the  surfaces  of  the  terraces,  towards  the 
centre  of  the  valley,  but  indicating  also  that  they  are  not  horizontal  in 
the  direction  of  drainage.   The  terraces  of  the  Jordan  valley,  although 

*  In  describing  the  Lyme  Regis  fossil,  I  erroneonsly  spoke  of  the  long  spinigerous 
maxillipeds  as  the  first  puir  of  thoracic  legs. 
'  Geol.  and  Geog.  of  Arabia  Petrcea,  Palestine,  etc.,  page  87. 
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usually  referred  to  as  lake  terraces,  seem  to  admit  of  another  inter- 
pretation. 

The  Dead  Sea  hasin  has  heen  deeply  filled,  especially  in  its  northern 
and  southern  portions,  by  lacustrine  sediments,  supplemented  by  gravel 
and  sand  washed  from  tributary  valleys  and  neighbouring  alluvial 
slopes.  It  seems  probable  that  these  deposits  filled  the  basin  from 
side  to  side  in  the  Jordan  valley  and  in  the  Wady  Arabah,  but  not  so 
completely  as  to  form  a  level  floor  throughout  When  the  waters  of 
the  ancient  lake  fell  to  a  lower  level  than  the  surface  of  the  sedi- 
ments in  question,  the  Jordan  flowing  from  the  north  and  the  Jeib 
from  the  south,  toward  the  Dead  Sea,  cut  channels  in  the  previously 
formed  deposits.  Pauses  in  the  lowering  of  the  lake  surface  would 
establish  a  base  level  of  erosion  for  the  inflowing  streams,  thus  allow- 
ing them  to  widen  their  channels,  so  that  when  another  lowering  of 
the  lake  occurred  and  the  streams  re-commenced  the  excavation  of 
their  channels,  a  terrace  would  be  left  on  the  sides  of  their  valleys. 
These  terraces  would  slope  with  the  grade  of  the  streams  which 
formed  them,  and  on  reaching  the  Dead  Sea  basin,  would  unite  with 
the  horizontal  terraces  formed  by  the  waters  of  the  inclosed  sea. 

This  interpretation  of  the  history  of  the  terraces  of  the  Jordan 
valley  is  strengthened  by  the  following  observation  recorded  by  Hull 
in  the  narrative  of  his  journey  of  exploration.*  **  All  these  terraces 
(along  the  Jordan  near  Jericho),  excepting  perhaps  the  upper,  have 
doubly  sloping  surfaces,  both  toward  the  centre  of  the  valley  and 
toward  the  Salt  Sea.  The  upper  terrace  only  slopes  toward  the 
centre  of  the  valley,  as  its  upper  surface  corresponds  almost  exactly 
with  the  terrace  of  Jebel  TJsdum,  and  the  other  old  sea  margins,  near 
the  southern  end  of  The  Ghor." 

Sections  of  the  material  filling  the  Wady  Arabah  near  the  steep 
descent  to  the  plain  of  the  Dead  Sea  show  fine  lacustrine  sediment  at 
the  base,  passing  into  sand  and  gravel  in  the  upper  portion.  The 
surface  of  this  deposit  rises  when  followed  southward  or  up  the 
valley,  but  breaks  off  abruptly,  as  mentioned  above,  in  a  steep 
escarpment  about  six  hundred  feet  high  at  the  north,  facing  the 
depression  now  holding  the  Dead  Sea.  The  structure  of  this  deposit 
so  far  as  known,  as  well  as  its  topographic  form,  suggests  the  pro- 
bability that  it  is  of  the  nature  of  a  delta,  the  steep  lakeward  scarp 
of  which  has  been  cut  away  by  the  waves  and  currents  washing  its 
base.  A  similar  interpretation  will  apparently  apply  in  many  ways 
to  the  facts  reported  concerning  the  material  filling  the  Jordan 
valley.  A  detailed  study  of  these  deposits  is  required,  however, 
before  the  mode  of  their  formation  can  be  definitely  determined. 

Lake  beds  are  mentioned  by  Hull,  and  others,  as  existing  not 
only  in  those  portions  of  the  basin  adjacent  to  the  Dead  Sea,  but  at 
high  altitudes  near  both  the  northern  and  southern  portions  of  its 
basin.  In  Wady  Arabah  fine,  evenly  stratified  lacustrine  sediments 
charged  with  freshwater  shells,  were  observed  at  an  elevation  of 
1100  feet  above  the  present  surface  of  the  Dead  Sea.*      In  the  same 

^  '*  Mount  Seir,  Sinai  and  "Western  Palestine,"  p.  162. 
•  Geol.  and  Geog.  ol  Aia^j\«k  "teiVi®^,  "^^^e^k^a^  etc.^  p.  80. 
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basin,  near  the  Sea  of  Galilee,  about  175  miles  to  the  north  of  the 
locality  mentioned  above,  other  lake  beds  have  been  observed  at 
about  the  same  level.  These  observations,  and  others  of  a  similar 
nature  which  might  be  cited,  show  very  dearly  that  the  Dead  Sea 
basin  was  once  occupied  by  a  freshwater  lake,  whose  bottom  at 
certain  localities  was  1400  feet  higher  than  the  present  surface  of 
the  Dead  Sea,  or  at  about  the  level  of  the  Mediterranean. 

The  surface  of  this  lake  during  its  greatest  expansion  must  neces- 
sarily have  been  at  a  higher  elevation  than  the  deposits  accumulated 
on  its  bottom,  but  unless  the  beach  observed  by  Hull  in  the  Wady 
Arabah,  of  which  mention  has  already  been  made,  indicates  the 
level  of  the  ancient  lake  during  the  time  the  lacustrine  sediments 
were  deposited,  we  have  no  observations  of  shore  records  that  can 
be  correlated  with  the  formation  of  the  higher  sedimentary  deposits. 
Providing  no  change  has  taken  place  in  the  depth  of  the  Jordan- 
Arabah  depression  since  this  great  freshwater  lake  deposited  its 
high-level  marls,  it  must  at  one  time  have  been  about  2700  feet 
deep.  Its  length  from  north  to  south  probably  exceeded  200  miles, 
its  average  width  being  from  eight  to  nine  miles.  Its  full  extent 
cannot  be  definitely  known,  however,  until  its  shore  records  have 
been  studied  and  their  extent  accurately  mapped.  Its  depth  is  also 
uncertain,  and  has  possibly  been  considerably  overestimated,  as  will 
appear  on  the  following  page. 

The  existence  of  calcareous  tufa  on  the  terraces  of  the  Jordan  and 
in  the  lower  portions  of  the  lateral  gorges  opening  into  The  Ohor, 
as  observed  by  Johnson  and  Lartet,  show  that  calcium  carbonate  was 
among  the  first  precipitates  thrown  down  by  the  waters  of  the  ancient 
lake.  The  presence  of  freshwater  shells  in  these  tufas  is  to  be  ex- 
pected, as  such  deposits  may  be  formed  from  the  waters  of  lakes  that 
are  essentially  fresh.  Future  observers  should  also  look  for  alterna- 
tions of  various  varieties  of  tufa,  for  the  reason  that  varying  deposits 
of  this  character  record  changes  in  the  chemistry  or  perhaps  varia- 
tions in  the  temperature,  of  the  water  from  which  they  are  precipi- 
tated. 

Near  the  southern  border  of  the  Dead  Sea,  at  a  locality  called 
Jebel  Usdum,  or  Salt  Mountain,  there  is  a  well-marked  terrace,  the 
surface  of  which  has  an  elevation  of  about  600  feet  above  the  Dead 
Sea,  and  corresponds  with  the  level  of  the  escarpment  previously  men- 
tioned farther  to  the  south.  It  is  also  represented  on  the  east  side  of 
the  valley,  as  well  as  near  the  mouth  of  the  Jordan.  The  detached 
portions  of  this  terrace,  which  is  the  most  pronounced  of  any  in  the 
basin,  mark  the  boundaries  of  the  profound  gorge  known  as  The 
Ghor.  The  escarpment  at  Jebel  Usdum  exposes  the  edges  of  horizon- 
tal strata  and  owes  its  precipitous  character  to  the  removal  of  the 
eastern  portion  of  the  deposit.  In  this  respect  it  corresponds  with 
the  escarpment  at  the  south  end  of  The  Ghor.  The  lower  portion  of 
the  cliff  at  Jebel  Usdum  consists  of  a  layer  of  rock  salt  from  30  to  60 
feet  thick,  resting  on  beds  of  gravel,  shales  and  laminated  sandstone.^ 
Above  the  stratum  of  salt  are  some  400  feet  of  evenly-bedded 
1  Mount  Seir,  Sinai,  and  Western  Palestine,  p.  131. 
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calcareous  marls,  with  gypsum.  H.  C.  Hart,  the  only  observer  who 
has  ascended  Jebel  Usdum,  reports  that  the  salt  appears  to  cease  at 
about  100  or  160  feet,  and  that  the  remainder  of  the  elevation  is  com- 
posed of  white  powdery  marl.'  These  observations  apparently  leave 
no  doubt  that  this  deposit,  as  concluded  by  Hull,  was  formed  dur- 
ing a  previous  stage  in  the  history  of  the  Dead  Sea,  and  that  it  is 
synchronous  with  the  lacustrine  beds  exposed  in  the  escarpment  south 
of  the  Dead  Sea,  in  the  Lisan  (the  peninsula  at  the  south-east  border 
of  the  Dead  Sea)  and  in  the  Jordan  valley. 

It  is  evident,  therefore,  that  the  stratum  in  question  records  a  period 
of  long  duration,  during  which  the  water  of  the  lake  was  a  saturated 
brine,  from  which  sodium  sulphate  and  sodium  chloride  were  pre- 
cipitated. The  marls  and  clays  resting  on  the  saliferous  strata  show 
that  the  lake  subsequently  became  less  salt,  and  at  the  same  time 
rose  to  a  higher  level.  It  follows  from  this  that  the  strata  of  salt 
and  gypsum  must  have  been  deposited  during  a  period  of  concentra- 
tion intervening  between  two  high  water  stages.  In  order  to  prove 
or  disprove  this  inference,  search  should  be  made  in  other  portions 
of  the  basin  for  lacustrine  beds  belonging  to  two  high  water  stages, 
separated  by  beds  of  gravel  and  other  debris  indicative  of  a  period 
of  low  water.  An  unconformity  between  the  upper  and  lower  lake 
beds  due  to  the  erosion  of  the  lower  member  during  an  intervening 
period  of  desiccation  should  also  be  looked  for.  The  record  of  a 
period  of  low  water  is  perhaps  indicated  in  a  section  of  lacustrine 
deposits  exposed  on  the  east  side  of  the  Dead  Sea,  which  has  been 
described  and  figured  by  Lartet,^  but  this  observation  is  not  sufficiently 
definite  to  enable  one  who  has  not  visited  the  locality  to  make  a  full 
interpretation  of  its  meaning. 

As  the  Dead  Sea  now  has  a  maximum  depth  of  1278  feet,  and  the 
surface  of  the  terrace  at  Jebel  Usdum  is  600  feet  above  its  surface, 
it  follows,  providing  there  has  been  no  orographic  change,  that  the 
ancient  lake  after  the  deposition  of  the  salt  bed  must. have  been  more 
than  1900  feet  deep  and  greatly  expanded  beyond  its  present  limits. 
The  concentration  of  so  great  a  body  of  highly  saline  water  to  less 
than  two-thirds  its  original  volume,  as  would  have  been  the  case  had 
its  contraction  to  the  present  limits  of  the  Dead  Sea  been  the  result 
of  increased  evaporation  simply,  would  have  produced  such  a  vast 
precipitation  of  sodium  chloride  and  other  salts  that  one  would  expect 
to  find  abundant  records  of  the  occurrence,  had  it  taken  place.  The 
absence  of  such  deposits  is  negative  evidence  which  apparently 
indicated  that  the  entire  sea  was  never  sufficiently  saturated  to  pre- 
cipitate saline  matter,  or  else  that  an  important  change  has  been 
made  in  the  depth  of  its  basin  since  the  salt  bed  at  Jebel  Usdum  was 
deposited. 

Two  other  hypotheses  present  themselves  in  this  connection,  each 
of  which  seems  worthy  of  attention. 

'  The  strata  composing  the  cliffs  at  Jebel  Usdum,  however,  are  considered  by 
Lartet  as  being  of  even  older  date  than  the  origin  of  the  Dead  Sea  basin. 

2  Expedition  geologique  de  la  Mer  Morte,  Paris,  1877,  pp.  175-176,  pi.  3,  fig.  3; 
also  in  Essai  sur  la  gcologie  de  Va  ¥a\e&\me,  Vaxis,  1869,  p.  240. 
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The  first  hypothesis  is  that  the  strait  separating  the  Lisan  penin- 
sula from  the  west  shore  of  the  Dead  Sea  was  formerly  contracted 
so  as  to  partially  shut  off  the  southern  end  of  the  lake  from  the  main 
water  body,  and  that  evaporation  in  the  restricted  basin  thus  formed 
was  greater  than  the  amount  of  water  contributed  to  it  by  streams 
and  springs.  The  result  of  these  conditions  would  be  an  influx  of 
water  from  the  main  or  northern  water  body  and  a  deposition  of  salt 
in  the  partially  inclosed  southern  basin.  If  this  process  continued 
for  a  considerable  time,  a  heavy  deposit  of  salt  would  result,  which 
might  become  buried  beneath  lacustrine  marls  when  an  increase  in 
humidity  caused  the  two  basins  to  unite.  In  this  manner  the  great 
deposit  of  salt  along  the  south-west  border  of  the  Dead  Sea  with  its 
covering  of  marl,  as  well  as  the  absence  of  similar  saline  deposits  in 
other  portions  of  the  basin,  can,  apparently,  be  accounted  for. 

The  sequence  of  events  here  postulated  is  suggested  by  the 
topography  of  the  shores  of  the  Dead  Sea.  As  indicated  on  the 
maps  accompanying  the  reports  of  the  TJ.  S.  Expedition,  the  strait 
referred  to  in  the  above  paragraph  is  two  miles  wide  and  from 
twelve  to  eighteen  feet  deep.  The  area  south  of  this  contraction,  and 
now  partially  shut  off  from  the  main  body  of  the  Dead  Sea,  has  a 
surface  sixty  square  miles  in  extent.  If  this  basin,  should  be  filled 
to  the  horizon  of  the  highest  salt  deposits  at  Jebel  Usdum,  its  area 
would  probably  exceed  a  hundred  square  miles.  A  contraction  or 
filling  of  the  strait  connecting  the  two  divisions  of  the  sea,  as  sug- 
gested above,  possibly  by  the  construction  of  embankments  across  it, 
would  initiate  conditions  similar  to  those  now  to  be  observed  on  the 
east  shore  of  the  Caspian,  where  a  gulf  known  as  the  Kara  Bugaz 
furnishes  an  evaporating  basin  for  th3  waters  of  the  main  sea.  In 
this  instance  the  amount  of  water  reaching  the  Kara  Bugaz  annually 
through  streams  and  springs,  etc.,  is  much  less  than  the  mean  annual 
evaporation  from  its  surface,  consequently  a  current  flows  continually 
from  the  Caspian  into  the  gulf.  Owing  to  these  peculiar  conditions 
a  precipitation  of  salt  is  taking  place  from  the  highly  concentrated 
waters  of  the  gulf,  while  the  main  water-body  contains  only  a  small 
fraction  of  one  per  cent,  of  saline  matter  in  solution.  Should  the 
Caspian  rise  a  few  hundred  feet,  the  Kara  Bugaz  would  have  free 
communication  with  the  main  sea,  and  the  beds  of  salt  in  its  bottom 
would  become  covered  with  lacustrine  sediments,  probably  charged 
with  freshwater  shells.  The  record  thus  produced  would  be  essen- 
tially the  same  as  the  section  now  exposed  on  the  south-west  border 
of  the  Dead  Sea. 

The  second  hypothesis  is  that  the  Dead  Sea  basin  throughout  wm 
far  more  shallow  than  at  present  at  the  time  of  the  deposition  of  the 
rock  salt  and  gypsum  on  its  south-west  border,  and  that  subse- 
quently it  rose  sufficiently  to  bury  these  deposits  beneath  lacustrine 
sediments.  After  this  rise  a  movement  took  place  along  the  Jordan- 
Arabah  fault  and  deepened  the  basin ;  or,  it  may  be  suggested,  that 
the  change  was  due  to  the  subsidence  of  an  orographic  block 
situate  beneath  the  Dead  Sea,  and  included  between  the  main  fault 
and  a  secondary  fracture  branching  from  it    At  a  later  date  the 
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waters  of  the  lake  were  again  oonoentTated,  and  the  present  oondi- 
tioQ  of  the  basin  resulted.  These  changes  must  have  been  acoom- 
panied  by  many  minor  oscillations  of  humidity,  and  oonsequently 
by  many  changes  of  lake  level ;  which  were  accompanied  in  turn 
by  many  variations  in  the  character  of  the  precipitates  thrown  down 
from  the  lake  waters. 

A  deepening  of  the  central  depression  in  the  manner  postulated 
would  not  only  lower  the  lake  surface  without  forming  saline  deposits, 
but  would  enable  its  waves  to  erode  the  surrounding  shores  and  form 
olififs  in  the  previously  formed  sedimentary  beds,  like  those  at  Jebel 
Usdum  and  ed  Debbeh.  The  lowering  of  the  Dead  Sea  would  also 
allow  the  inflowing  streams  to  cut  terraced  channels  through  the 
previously  formed  lacustrine  sediments,  its  effect  being  in  this  respect 
essentially  the  same  as  the  lowering  of  the  lake  surface  by  evapora- 
tion. 

The  effect  of  a  movement  along  the  Dead  Sea  fault  of  the  nature 
we  have  suggested,  on  the  history  and  condition  of  the  Sea  itself, 
renders  the  study  of  this  displacement  of  unusual  interest  In  this 
connection  it  is  desirable  not  only  to  have  observations  on  fault 
scarps  in  lacustrine  marls  and  clays  and  in  alluvial  deposits  if  such 
exist,  but  we  desire  also  accurate  measurement  of  the  elevation  of  the 
principal  terraces  and  beaches  on  the  borders  of  the  Dead  Sea 
and  in  the  Jordan  valley.  Three  lines  of  level  run  from  the  Dead 
Sea  surface  up  the  borders  of  its  basin  on  both  the  east  and  the  west, 
to  beyond  the  highest  of  the  ancient  lake  records,  and  so  located  as  to 
cross  the  best-defined  terraces,  besides  two  or  three  cross-sections  of 
the  Jordan  valley  showing  the  elevation  of  the  terraces  there  exist* 
ing,  would  give  sufficient  data  both  in  reference  to  east  and  west  and 
north  and  south  axes,  for  determining  if  recent  orographic  movement 
has  taken  place  in  the  Dead  Sea  basin  or  not.  The  lines  of  level  sug- 
gested could  be  connected  with  the  soundings  of  the  Dead  Sea,  and 
thus  give  accurate  profiles  of  the  basin. 

Certain  writers  have  considered  that  the  Jordan-Arabah  depression 
was  formed  in  Tertiary  times  beneath  the  ocean,  and  that  when  tbe 
land  rose,  the  basin  was  occupied  by  ocean  water.  So  far  as  we  are 
aware,  no  evidence  of  sediments  containing  marine  fossils  has  been 
found  in  the  basin.  It  has  been  argued  in  this  connection,  also,  that 
the  fauna  of  the  Sea  of  Galilee  must  have  been  derived  from  the 
ocean,  being  entrapped  in  the  valley  at  the  time  of  the  emergence  of 
the  land. 

That  the  fauna  of  the  Dead  Sea  basin  is  specialized,  and  differs 
from  the  faunas  of  neighbouring  drainage  areas,  is  not  a  fact  peculiar 
in  itself.  On  the  contrary,  an  insular  fauna  is  to  be  looked  for  in 
any  basin  that  has  been  cut  off  from  oceanic  drainage  for  a  long 
period. 

It  seems  to  the  writer  that  there  are  sufficient  facts  to  indicate 
that  the  Jordan  drainage  was  once  connected  with  other  river 
systems,  but  has  been  isolated  sufficiently  long  for  its  fauna  to 
undergo  an  independent  development,  and  thus  become  differentiated 
from  the  life  of  neighbouring  rivers.     Space  however  will  not  admit 
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of  oar  presenting  more  than  a  suggestion  of  the  arguments  which 
might  be  advanced  in  this  connection. 

From  a  study  of  the  fishes  of  the  Jordan  drainage  system, 
Oiinther^  concluded  that  '*The  system  of  the  Jordan  presents  so 
many  African  types  that  it  hM  to  be  included  in  a  description  of  the 
African  region  as  well  as  the  Europeo-Asiatia"  A  similar  conclusion 
has  been  advanced  by  Tristram  in  his  great  work  on  the  Fauna  and 
Flora  of  Palestine.'  This  evidence,  so  far  as  it  goes,  is  certainly  on 
the  side  of  a  former  connection  of  the  Jordan  with  other  drainage 
systems. 

Besides  the  facts  furnished  by  the  fauna  of  the  Jordan  drainage 
system  in  reference  to  a  former  connection  with  other  drainage 
areas,  we  have  physical  evidence  bearing  on  the  same  question. 

The  Jordan-Arabah  depression  receives  tributaries  from  the  east 
and  west  through  deeply  eroded  stream  channels,  which  were  cut  to 
their  present  depth  before  the  occupation  of  the  basin  by  the  lake 
which  deposited  sediment  over  so  large  a  portion  of  its  area.  The 
fact  that  these  tributary  channels  were  cut  before  the  existence  of 
the  lake,  the  sediments  of  which  partly  fill  them,  is  in  itself  sufficient 
proof  that  the  basin  at  one  time  had  free  drainage.  The  present 
topography  of  the  basin  indicates  that  the  ancient  drainage  was 
southward  through  the  Oulf  of  Akabah,  but  other  outlets  to  the  sea 
may  have  existed  at  various  times  during  the  earlier  portions  of  its 
history.  One  of  these,  it  may  be  suggested,  may  have  been  situated 
at  the  Pass  of  Jezreel,  at  present  the  lowest  point  in  the  rim  of  the 
basin.  It  is  possible  also  that  a  former  outlet  has  been  concealed 
beneath  the  recent  overflows  of  basaltic  lava  near  the  Sea  of  Galilee. 
These  are  mere  suggestions,  however,  and  we  know  of  no  facts, 
either  to  prove  or  disprove  them. 

The  change  from  the  conditions  of  free  drainage  to  those  now 
prevailing  seems  to  imply  orographic  movements,  which  cut  ofif  the 
Dead  Sea  basin  from  communication  with  the  ocean  and  admitted  of 
the  existence  of  an  inclosed  lake. 

Instead  of  the  evaporation  of  a  single  lake  in  this  basin,  as  has 
been  assumed  by  certain  authors,  we  should  expect  in  scanning  its 
records  to  find  evidences  of  many  fluctuations  of  water-level,  and, 
consequently,  marked  changes  in  its  fauna  and  flora,  as  well  as  great 
variation  in  the  chemical  composition  of  its  waters.  We  should  look 
especially  for  the  records  of  two  periods  of  humidity,  separated  by  a 
time  of  extreme  aridity,  during  which  the  lake  waters  were  concen- 
trated and  deposited  salt  and  gypsum.  Following  the  last  high-water 
stage,  we  should  as  a  working  hypothesis,  postulate  orographic  move- 
ments which  increased  the  depth  of  the  basin  several  hundred  feet, 
thus  lowering  the  surface  of  the  lake;  accompanying  or  succeeding 
this  movement  was  a  climatic  oscillation  which  caused  the  lake  to 
contract  owing  to  a  decrease  in  humidity  and  an  increase  in  precipi- 
tation. 

^  Quoted  bjr  W.  H.  Hudleaton  on  the  Geology  of  Palestine,  Proc.  Geologists' 
Assoc,  vol.  viii.  p.  47. 
^  London,  1864,  p.  xii. 
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It  has  been  concluded  by  those  most  familiar  with  the  Dead  Sea 
basin,  that  the  ancient  lakes  which  occupied  it  did  not  overflow. 
This  conclusion  is  based  on  the  fact  that  the  highest  terrace  observed 
and  the  highest  exposures  of  lacustrine  sediments  that  have  been  noted, 
are  several  hundred  feet  lower  than  the  bottom  of  the  pass  leading  to 
the  Gulf  of  Akabah,  which  seems  the  most  probable  location  of  an 
ancient  outlet  if  one  existed.  It  is  to  be  remembered  in  this  connec- 
tion, however,  that  a  special  examination  of  the  terraces  in  question 
has  not  been  made,  and  from  the  reports  published  it  is  not  evident 
that  the  highest  water-record  reported  is  the  highest  that  exists.  A 
critical  examination  of  the  pass  mentioned  above,  in  reference  to  the 
possible  existence  of  a  stream -cut  channel  across  it,  does  not  seem  to 
have  been  made.  If  evidence  of  such  a  channel  should  be  found,  the 
occurrence  of  a  wave-cut  terrace  at  the  same  horizon  on  the  borders 
of  the  basin  to  the  north  would  be  expected. 

Among  the  many  observations  desired  of  the  explorer  in  Palestine 
and  adjacent  regions,  we  would  suggest  in  addition  to  those  already 
mentioned,  a  measurement  of  the  rate  of  evaporation  from  the  surface 
of  the  Dead  Sea,  and  the  rate  of  evaporation  of  fresh  water  under  the 
same  general  conditions.  Also,  a  study  of  the  succession  and  character 
of  the  precipitates  which  would  be  obtained  on  evaporating  the  water 
of  the  Dead  Sea.  The  influence  on  the  character  of  the  salts  thus 
obtained,  of  changes  of  temperature  similar  to  the  annual  variations 
which  occur  in  Palestine,  should  likewise  be  considered. 

Similarity  of  the  Dead  Sea  haain  to  the  Great  Baain  in  America, 
There  are  so  many  corresponding  features  between  the  structure, 
recent  geological  history,  scenery  and  present  climatic  condition  of 
the  Dead  Sea  basin  and  the  Great  Basin  in  our  own  country,  that  I 
am  tempted  to  compare  the  two  in  detail.  Space  will  not  admit, 
however,  of  more  than  a  brief  summary  of  their  points  of  re- 
semblance. 

The  Jordan-Arabah  depression  is  an  isolated  example  of  a  type 
of  fault  basin  which  has  been  repeated  many  times  at  about  the 
same  date,  in  the  western  part  of  the  United  States,  where  the 
"  basin  range  structure  "  prevails.  This  structure  in  America  was 
impressed  on  a  region  which  previously  drained  to  the  ocean,  thus 
presenting  a  sequence  of  events  which  seems  to  have  had  a  parallel 
on  a  smaller  scale  in  the  Dead  Sea  basin.  The  depressions  which 
resulted  from  dislocation  both  in  Asia  Minor  and  in  the  Far  West,* 
became  the  basins  of  large  lakes  during  the  Quaternary  period.  In 
the  Great  Basin  some  of  the  ancient  lakes  overflowed,  others  were 
not  drained,  and  as  in  the  case  of  the  Dead  Sea,  became  concentrated 
brines.  The  lakes  in  both  instances  were  fresh  during  their  greatest 
expansion,  but  became  saline  when  concentrated.  The  lakes  referred 
to  in  America  had  two  high- water  stages  separated  by  a  period  of 

^  This  convenient  but  indefinite  term  has  come  down  to  us  from  the  time  when  the 

western  part  of  the  United  Statt»s  was  but  partially  explored,  and  refers  to  the  vast 

region  west  of  the  bold,  eastern  face  of  the  Kocky  Mountains.     It  is  in  this  region, 

between  the  Kocky  Mountains  and  the  Sierra  Nevada,  that  the  area  of  interior 

drainage  termed  the  Great  Ba&m,  m€ii\ioii«d.^^«ni  times  in  this  paper,  is  ntuated. 
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low-water  or  of  complete  desiocation:  and  the  same  seems  to  be 
true  of  the  ancient  lake  of  the  Dead  Sea  basin. 

Accompanying  the  two  great  expansions  of  the  Quaternary  lakes 
of  Utah  and  Nevada,  was  an  increase  of  perennial  snow  on  the 
neighbouring  mountains  and  the  production  of  glaciers,  some  of 
which  were  several  miles  in  length,  in  the  higher  portions  of  the  Sierra 
Nevada  and  Bocky  Mountains.  It  is  known  from  the  observations 
of  Sir  Joseph  Hooker,  that  glacial  moraines  occur  about  the  base  of 
Mount  Lebanon  ;  and  it  seems  fair  to  infer  that  glaciers  of  consider- 
able magnitude  existed  on  the  higher  mountains  of  Asia  Minor 
during  the  time  that  the  Jordan-Arabah  depression  held  a  great 
freshwater  sea. 

At  present  the  regions  we  are  comparing  are  each  arid  and  but 
thinly  clothed  with  vegetation.  Agriculture  in  each  instance  is 
largely  dependent  upon  irrigation.  The  mountains  in  each  country 
are  remarkable  for  their  brilliant  colours,  for  the  ruggedness  of  their 
sides,  and  for  their  angular  outlines ;  in  each  case  they  are  sur- 
rounded by  an  atmosphere  of  great  transparency,  which  renders 
distances  deceptive  to  those  familiar  with  more  humid  regions.  The 
desiccated  lake  basin  known  as  "  playas "  in  the  Far  West  are 
represented  by  similar  mud  plains  in  Palestine  and  adjacent  regions, 
which  are  dry  and  hard  in  summer  and  shallow  lakes  in  winter. 
The  dry  water-courses  known  as  arroyas  in  the  West  have  their 
counterpart  in  the  wadys  of  the  East.  About  the  bases  of  the  steep 
escarpments  bordering  the  Jordan-Arabah  depression  and  in  other 
similar  localities,  there  are  alluvial  cones  formed  of  debris  swept  out 
of  tributary  gorges  and  deposited  as  half-cones  sometimes  several 
hundred  feet  high,  against  the  sides  of  the  valleys.  Similar  alluvial 
cones  of  great  magnitude  occur  again  and  again  about  the  bases  of 
the  abrupt  mountains  of  Utah,  Nevada,  Arizona,  and  neighbouring 
regions.  The  reader  who  has  traversed  the  desert  valleys  of  the 
Far  West  will  no  doubt  be  interested  to  learn  that  the  familiar 
Artemisia  thrives  also  in  the  Holy  Land. 

Many  other  similarities  might  be  pointed  out  between  the  lands 
under  comparison,  especially  with  reference  to  those  features  which 
attract  the  artist's  eye.  It  is  to  be  remarked  in  this  connection, 
however,  that  while  the  Far  East  has  furnished  inspiration  for 
hundreds  of  painters,  the  Far  West,  with  equal  wealth  of  colour, 
fully  as  picturesque  inhabitants,  and  far  more  magnificent  mountain 
forms,  still  remains  almost  an  undiscovered  country. 

III. — Vebtbbbate  Paleontology  in  some  Continental  Museums. 

By  A.  Smith  Woodward,  F.G.S.,  FZ.S.; 
of  the  British  Miueum  (Natural  History). 

HAVING  lately  had  the  privilege  of  visiting  several  of  the 
Continental  Museums  containing  collections  especially  of 
Palasontological  importance,  some  notes  will  perhaps  be  acceptable 
upon  the  present  aspect  of  that  branch  of  the  science  in  which 
the  writer  is  particularly  interested.  Such  a  broad  survey  imparts 
80  many  new  ideas,  and  leaves  so  many  pleasant  memories  of 
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Naturalists  in  the  midst  of  their  work,  that  it  is  impossible 
adequately  to  incorporate  the  results  in  any  brief  notice ;  but  a  few 
points  at  least  seem  to  be  of  general  interest. 

Bbupsels. 

To  students  of  the  PalsBontology  of  the  Yertebrata,  the  fine  Royal 
Museum  in  Brussels  has  become  so  well  known,  through  the 
researches  of  Dupont  upon  cavern-remains,  of  van  Beneden  upon 
Pliocene  Cetacea,  and  of  Dollo  upon  Wealden  Beptiles,  that  its 
riches  scarcely  require  enumeration.  The  work  upon  the  huge 
Iguanodons  is  at  present  almost  suspended ;  and  the  elucidation  and 
arrangement  of  the  Reptiles  of  the  Belgian  Lower  Tertiaries  is  now 
in  active  progress.  The  Chelonia,  especially,  are  receiving  M. 
Dollo's  attention,  and  among  the  latest  acquisitions  are  remains  of 
the  large  Atheoan  Psephophorus  rupelienstB,  from  the  Bnpelien  beds 
of  the  neighbourhood  of  Antwerp,  of  which  one  remarkably  complete 
skeleton  is  already  mounted. 

Among  fishes,  portions  of  two  fine  skeletons  of  Careharodon 
heterodon,  from  the  Rupelian  Beds  of  Boom,  were  added  last  year; 
and  the  Collection  also  comprises  the  large  series  of  teeth  of  Car- 
eharodon and  other  Belgian  Tertiary  Sharks,  arranged,  and  in  part 
studied,  by  the  late  Capt.  Le  Hon.  The  majority  of  the  fish-remains 
from  the  Belgian  Cretaoeous  and  Tertiaries  are  very  fragmentaiy, 
and  a  few  have  already  been  described  by  van  Beneden  and  Storms; 
but  when  the  Museum  Collection  is  carefully  studied  and  arranged, 
several  new  forms  will  doubtless  be  recognized,  and  further  informa- 
tion afforded  concerning  some  species  already  known,  as  in  the 
case  of  the  Selachian  Bhombodus  Btnkhorsii,  from  the  Maastricht 
Chalk,  of  which  a  fine  small  connected  series  of  the  teeth  is  pre- 
served. The  collection  of  Wealden  fishes  from  Bemissart  is  still 
undetermined,  but  will  shortly  be  studied  by  MM.  Dollo  and 
Raymond  Storms ;  and  this  will  yield  several  species  related  to,  if 
not  identical  with,  those  from  the  English  Purbeck. 

The  series  of  Selachian  teeth  from  the  Carboniferous  Limestone 
of  Belgium,  described  by  the  late  Prof.  L.  G.  de  Koninck,  is  also 
preserved  here,  and  will,  in  part,  i*equire  revision  in  the  light  of 
more  recent  discoveries.  Fleurodu8  is  represented  under  the  name 
of  Tomodus  laciniatus;  and,  as  already  noted  by  St.  John  and 
Worthen,  Streblodua  tenerrimua  is  founded  upon  a  tooth  of  Sandalodtu* 

Bonn. 

The  Museum  of  the  University  of  Bonn  is  contained  in  the  palatial 
rooms  of  the  old  Castle  of  Poppelsdorf,  and  comprises  among 
its  Pleistocene  Vertebrata  the  far-famed  Neanderthal  skull.  The 
originals  of  Goldfuss*  early  memoirs  are  also  here,  including  the 
well-known  JPterodactylua  craaairostria  from  Solenhofen — the  basis 
of  the  restoration  with  an  erroneously  added  fourth  clawed  finger, 
still  surviving  in  many  text-books.  Some  fragments  of  Devonian 
fishes  from  the  Eifel  are  among  the  most  recent  additions ;  and  Dr. 
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Hans  Poblig  is  to  be  met  at  work  here,  having  jast  completed  a 
memoir  on  the  Pleistocene  Elephants.  The  small  Museum  of  the 
Katurhistorischer  Yerein  is  also  full  of  interest  for  the  stratigraphical 
geologist ;  and  the  fine  geological  repositories  of  Messrs.  Erantz  & 
Co.,  and  fi.  Stiirtz,  may  always  be  found  to  a£ford  some  novelties. 

fiSBLIM.^ 

In  Berlin,  the  University  Natural  History  Collections  are  at  pre- 
sent being  removed  from  the  old  building  to  the  grand  new  Museums 
and  Laboratories  near  the  Institute  of  the  Landesanstalt.  Through 
the  kindness  of  Prof.  Dr.  Dames,  however,  the  writer  had  the  oppor- 
tunity of  examining  all  the  fossil  fishes,  and  a  few  of  the  higher 
vertebrates,  including  the  unique  Archaopteryx  from  Solenhofen, 
rendered  classical  by  the  Professor*s  memoir.  Among  the  earlier 
fossil  fishes  is  a  large  series  of  the  Lower  Permian  nodules  from 
Bhenish  Prussia,  exhibiting  remains  of  PleuraeanthuB  (XenacanihuB), 
Acanthodea,  Conehopama,  and  various  PalaBoniscidsd.  The  examples 
of  Flatracanthm  and  Conehopama  are  especially  interesting,  several 
being  described  and  figured  in  Ener's  memoirs,  and  others  adding 
much  to  our  knowledge,  at  least  of  the  former  genus.  The  systematio 
position  of  the  problematical  ''  Dipnoan  "  Conchopoma  is  still  very 
doubtful ;  the  scales  may  be  rhombic,  as  supposed  by  Ener,  but  the 
characters  cannot  be  definitely  determined.  The  fossil  fishes  of 
Solenhofen  are  also  represented  by  a  large  collection ;  and  the  type 
of  the  Wealden  Fholidophorus  splendena,  Striickmann,  shows  that 
this  fish  is  either  referable  to  Semionoius,  or  to  the  same  genus  as 
**  Lepidotua  "  minor  of  the  English  Purbeok.  An  interesting  series 
of  fossil  fishes  from  Mount  Lebanon,  collected  by  Dr.  Fritz  Noetling, 
has  lately  been  received,  and  will  afford  several  novel  anatomical 
facts  in  regard  to  the  members  of  this  fauna,  if  not  any  new  species. 
The  Monte  Bolca  fish,  described  by  Agassiz  as  Diodon  tenuispinus,  is 
also  here ;  and  a  large  series  of  Selachian  and  other  remains  from 
the  Tertiary  of  Birket-el-Qurun,  Egypt,  described  by  Dr.  Dames  in 
1883.  The  Museum  is  fortunate  in  having  secured  the  services  of 
Dr.  Ernst  Eoken,  who  entered  upon  his  duties  last  spring,  and  the 
Professor,  Dr.  Dames,  has  lately  extended  his  field  of  operations, 
having  elucidated,  in  connection  with  the  few  specimens  in  Berlin, 
all  the  principal  fossil  Ganoids  from  the  extra- Alpine  Muschelkalk 
preserved  in  the  Museums  of  Europe. 

The  Museum  of  the  Prussian  Survey  and  School  of  Mines  is  arranged 
upon  the  plan  of  the  Jermyn  Street  Museum  of  Practical  Geology, 
and  does  not  contain  many  vertebrate  fossils  of  note.  Here, 
however,  is  the  fine  skull  of  a  Stegocephalian  from  the  Lower 
Bothliegendes  of  the  Bavarian  Palatinate  described  under  the.  name 
of  Weissia  havarica,  by  Dr.  Branco,  in  1886;  also  some  of  the 
originals  of  the  same  Professor's  recent  Memoir  on  Lepidottis,  and 
a  few  fragments  of  German  Devonian  Fishes. 

*  Between  Berlin  and  Munich  the  writer  was  accompanied  by  Mr.  James  W. 
Davis,  F.G.S.,  of  Halifax. 
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Uniyebsity  Museum,  Leipzig. 

In  the  University  of  Leipzig,  Systematic  Palaeontology  is  almost 
excluded  by  the  overwhelming  pursuit  of  Stratigraphy,  Petrology, 
and  Mineralogy ;  but  the  collection  of  Stegocephalia  from  the  Saxon 
Hothliegendes  is  entirely  unique,  and  is  rendered  all  the  more 
instructive  by  the  exhaustive  descriptions  and  enlarged  figures 
published  in  Prof.  Dr.  Gredner's  well-known  series  of  memoirs. 
The  specimens  are  numbered  and  arranged  in  cabinets  in  the  order 
in  which  they  are  described,  as  illustrating  to  a  certain  extent  the 
life-history  of  each  species ;  and  accompanying  all  the  groups  ars 
copies  of  the  Professor's  detailed  drawings  mounted  for  convenient 
reference.  Large  restored  figures  have  also  been  made  in  the  form 
of  wall-diagrams;  and  the  only  point  that  appears  to  the  present 
writer  somewhat  speculative  is  the  arrangement  of  the  scutes  in  the 
pelvic  region,  of  which  the  evidence  is  not  altogether  clear. 

Dresden. 

The  Geological  and  Pals&ontological  Collections  at  Dresden,  so 
long  presided  over  by  Prof.  Dr.  Geinitz,  are  located  with  the  other 
State  treasures  in  the  old  Palace  of  the  Z  winger.  With  his  able 
coadjutor,  Dr.  J.  Y.  Deichmiiller,  the  Professor  still  welcomes 
visitors  to  the  scenes  of  his  extended  labours ;  and  the  Museum 
comprises  a  large  number  of  vertebrate  fossils  of  the  greatest 
interest  Among  Permian  fishes,  a  Pleuracanthtis  from  Bohemia  is 
noteworthy  for  the  perfection  of  the  pelvic  fins ;  and  several  teeth 
and  a  fin-spine  from  the  Eupferschiefer  elucidate  some  of  the 
characters  of  the  Gestraciont  Selachian,  Wodnika,  A  Eupfer- 
schiefer tooth,  named  Hybodus  Mackrothi,  is  also  interesting.  A 
large  series  of  Solenhofen  Lithographic  Stone  fishes  forms  the  basis 
of  Prof.  Dr.  Vetter*s  important  memoir,  published  in  the  **  Mittheil- 
ungen "  of  the  Museum  in  1881 ;  and  an  example  of  the  rare 
Solenhofen  Ray,  Asterodermus  platypterus,  is  figured  in  Bronn's 
**  Lethffia."  Several  fragmentary  fish-remains  from  the  Saxon  Chalk 
are  described  and  figured  in  Dr.  Geinitz'  **  Elbthalgebirge  " ;  and  a 
collection  from  the  Eocene  Helmstedt  Phosphate  Beds  is  made 
known  in  the  Professor's  papers  upon  those  deposits.  Among  other 
vertebrates,  there  are  also  Stegocephalian  fossils  from  the  Saxon 
Rothliegendes,  described  conjointly  by  Drs.  Geinitz  and  Deichmiiller. 

Peaoue, 

The  fame  of  the  vertebrate  fossils  in  the  Royal  Bohemian  Museum 
at  Prague  has  already  spread  afar,  through  the  labours  of  the  Director, 
Prof.  Dr.  Anton  Fritsch.  The  collection  is  still  retained  in  the 
ancient  building  in  the  Graben,  the  fine  new  Museum  at  the  end  of 
Wenzelsplatz  being  still  unfinished,  and  probably  not  destined  to  be 
opened  for  public  inspection  for  at  least  five  or  six  years.  The 
Vertebrate  Fauna  of  the  Bohemian  Lower  Permian  is  especially  well 
represented,  as  may  be  inferred  from  Dr.  Fritsch's  great  memoir  upon 
the  Stegocephalia  and  Reptilia,  now  completed,  and  as  will  become 
Btill  more  evident  from  the  forthcoming  memoirs  upon  the  Dipnoi, 
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Oanoidei,  and  Selaohii,  the  first  of  these  three  already  prepared  for 
issue.  The  pyritoas  character  of  the  Gstskohle,  from  which  many  of 
the  specimens  are  obtained,  renders  it  almost  impossible  to  ensure 
their  permanent  preservation ;  hence  the  importance  of  the  exquisite 
fac-similes  produced  by  the  electro-deposition  of  copper,  now  to  be 
seen  in  nearly  all  the  principal  museums,  these  reproductions  being 
almost  as  satisfactory  and  reliable  for  examination  as  the  originals 
temporarily  surviving  in  Prague.  Among  the  undescribed  Permian 
fishes,  the  series  of  Fleuracanthus  (Xenacanthus)  is  unrivalled,  and 
Dr.  Fritsch  has  already  given  naturalists  a  slight  foretaste  of  the 
"  good  things  to  come  "  in  a  recent  figure  and  description  of  the 
pectoral  fin.  One  specimen  shows  the  entire  fish,  in  beautiful  pre<> 
servation,  confirming  in  an  interesting  manner  the  recent  discovery 
of  M.  Charles  Brongniart  in  France.  Bohemia  also  yields  many 
Chalk  fishes,  and  the  Royal  Museum  contains  a  large  series,  described 
and  undescribed.  Nearly  all  are  in  a  very  unsatisfactory  state  of  pre- 
servation, compared  with  those  of  England,  being  merely  in  the 
form  of  hollow  moulds.  They  indicate  a  fauna  very  similar  to  that 
of  the  English  Chalk,  and  in  some  cases  elucidate  types  of  which 
very  little  is  known  in  this  country ;  some  large  specimens  of  Halec 
Sternbergii,  for  example,  reveal  almost  the  entire  skeleton  of  this 
ancient  Clupeoid. 

Among  later  vertebrates  a  large  part  of  the  skeleton  of  a  young 
Dinotherium  from  Bohemia,  still  undescribed,  is  noteworthy  ;  and 
there  are  numerous  bones  from  the  Pleistocene  deposits  of  the  country. 

At  the  German  University  in  Prague  Prof.  Dr.  Oustav  Laube  also 
presides  over  a  large  palasontological  collection,  comprising  a  few  of 
the  Permian  Stegocephalians  described  by  Dr.  Fritsch,  and  the  originals 
of  the  Cretaceous  Protelops  Oeinitzii  and  Osmeroides  levesienaiSf  made 
known  by  the  Professor  himself  in  1885. 

The  mission  of  the  Palaeontologist  in  visiting  Prague  is  also  in- 
complete without  a  brief  pilgrimage  up  the  Moldau  to  view  the 
National  Monument  to  Barrande — a  simple  tablet  with  his  name, 
affixed  to  perhaps  the  finest  section  of  Silurian  rocks  to  be  met  with 
anywhere  in  the  world.  The  collections  of  the  departed  pioneer  in 
Bohemian  Siluria  are  still  packed  up  in  the  rooms  he  occupied* 
awaiting  the  completion  of  the  National  Museum  destined  to  receive 
them. 

Vienna. 

From  Prague  to  Vienna  the  route  lies  in  part  through  the 
picturesque  vales  of  Moravia,  famous  for  their  bone-caves ;  and  the 
traveller  leaves  the  quaint  streets  of  the  ancient  Bohemian  capital 
for  the  new  promenades,  parks,  and  palatial  edifices  built  upon  the 
site  of  the  fortifications  of  the  Imperial  capital.  Among  the  great 
buildings  is  the  Hof  Museum,  still  not  arranged  for  public  inspection, 
but  rapidly  becoming  one  of  the  finest  in  Europe.  The  best-lighted 
of  the  lofty  rooms  in  the  Geological  Section  is  devoted  to  the  grand 
Ettingshausen  Collection  of  Fossil  Plants,  already  in  order  and  labelled, 
and  each  figured  specimen  accompanied  by  the  published  illustration. 
The  other  collections  are  arranged  stratigraphically  in  the  remaining 
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galleries,  in  many  of  the  cases  of  which,  it  must  be  admitted,  sncli 
delicate  objecte  as  fossil  leaves  could  scarcely  be  seen  to  advantage. 
Not  expecting  to  find  the  specimens  accessible,  the  writer  had  un- 
fortunately decided  upon  a  very  brief  visit ;  but  through  the  kindnets 
of  Dr.  Theodor  Fuchs  and  other  members  of  the  staff,  the  whole  of  the 
fossil  fishes  were  made  available  for  examination,  and  afforded  some 
idea  of  the  richness  of  the  series.  There  is  a  large  number  of  the 
Comen  Cretaceous  fishes,  including  the  types  described  by  Heckel ; 
also  many  interesting  specimens  made  known  by  Dr.  Steindachuer, 
the  present  Director  of  the  Zoological  Cabinet,  who  has  unfortunatelj 
been  compelled  of  late  to  desert  Palsdontology  by  the  overwhelming 
amount  of  recent  material  absorbing  his  scientific  energies.  The 
Eocene  Monte  Bolca  fishes  comprise  several  unique  specimens, 
among  others  the  types  of  Caranx  ovalis,  Calamoatoma  holcemit, 
Solenorhynchus  elegans,  Urolophua  prineepSt  and  Trygonorhina  de  Zigmi^ 
the  last-named  appearing  to  the  present  writer  not  to  show  the 
characters  of  the  nasal  valves  requisite  to  separate  it  from  Bhinohatw^ 
The  tail  of  a  large  Sword-fish  from  the  Miocene  of  Malta  is  also 
interesting,  and  among  earlier  fishes,  many  noteworthy  specimens 
occur  in  the  collections  from  the  Trias  of  Seefeld  (Tyrol)  and  Baibi 
(Carinthia). 

The  enormous  Austrian  collection  in  the  Geologisches  Reichsanstalt, 
under  the  direction  of  Dr.  Stur  and  Dr.  Mojsisovics  von  Mojsvar, 
also  comprises  many  vertebrate  fossils  of  note.  The  remains  of  the 
Miocene  "Leathery  Turtle,"  Fsephopharus  polygonnSf  described  by 
Prof.  Seeley,  occupies  a  small  glass  case  here ;  and  numerous  fishes 
from  the  Austrian  Tertiaries  are  being  elucidated  by  Dr.  Goi^ganovic* 
Kramberger,  of  Agram.  The  greater  portion  of  the  skull  of  Ceratodui 
from  the  Rbaetic  will  shortly  be  described  by  Dr.  Teller ;  and  among 
Triassic  fishes  the  collection  includes  all  the  type-specimens  from 
Raibl,  described  in  Kner's  well-known  memoir.  In  the  Palaonto- 
logisches  Institut  of  the  University,  Prof.  Dr.  Neumayr  has  an 
interesting  small  series  of  Austrian  fossil  fishes ;  and  in  the  (Jeolo- 
giscbes  Institut,  under  Prof.  Dr.  Eduard  Suess,  are  preserved  the 
fragmentary  remains  of  the  Gosau  Cretaceous  Reptiles,  described  by 
Prof.  Seeley. 

University  Museum,  Munich. 

Re-entering  Germany,  the  University  Palseontological  Collection 
in  Munich  is  the  first  attraction.  There,  in  the  midst  of  an 
enthusiastic  group  of  students  and  naturalists  engaged  in  original 
research,  Prof.  Dr.  von  Zittel  adds  to  his  numerous  official  duties 
the  preparation  of  the  great  "  Handbuch  der  Palaeontologie,"  which 
has  now  reached  the  final  volume.  Another  fasciculus  will  appear 
almost  immediately,  comprising  the  Teleostei  and  the  Amphibia. 
The  collection  is  so  extensive,  and  contains  so  many  type- specimens, 
that  it  is  impossible  during  any  brief  visit  to  do  more  than  rapidlj 
glance  over  the  more  prominent  objects.  Among  higher  vertebrata, 
the  series  of  mammals  from  Pikermi  and  the  French  Phosphorites 
is  especially  extensive,  and  has  lately  been  turned  to  good  account 
hy  Dr,  Max  SchlosseT.    Oi  ie^t\lQ&  and  fishes,  the  collection  from 
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Bavarian  Lithographic  Stone  is  unrivalled,  and  comprises,  an 
rs,  Wagner's  Compsognathus,  numerous  Pterodactyles  (indu* 
wing  described  by  Dr.  von  Zittel),  several  Lacertilians,  n 
chians  and  ChimsBroids,  and  still  more  Ganoids.  Of  g 
^rical  interest,  also,  is  the  Miinster  Collection — a  series  na 
described  in  the  early  days  of  Palsdontology,  when  specia 
9  almost  unknown,  and  now  requiring  much  revision.  To  t 
added  the  originals  of  Schafhautl's  ''Lethaaa  Bavarica," 
y  valuable  isolated  types ;  and  the  Museum  is  shortly  to  rec 
huge  Ichthyosaurs  and  other  Liassio  fossils  from  the  Monas 
$anz.  A  nearly  complete  Lariosaurus  from  the  Italian  Trias 
lately  been  purchased ;  and  important  acquisitions  from  So 
•n  arrive  continually.  A  week's  study  in  a  Museum  of 
I  leaves  impressions  never  to  be  forgotten,  and  when  adde< 
of  the  Professor's  delightful  Alpine  excursions,  such  as  it 
writer's  privilege  to  join,  the  memory  becomes  particul 
surable. 

Stuttoabt. 

he  State  Museum  in  the  ancient  capital  of  Wiirtember] 
her  well-known  centre  of  interest  for  those  concerned  with 
eontology  of  the  Vertebrata.  Foremost  in  their  unique  chara 
laps,  are  the  Reptiles  and  Amphibia,  with  a  few  Fishes,  from 
rtemberg  Keuper  and  Lettenkohle.  Unfortunately,  howe 
reptiliferous  beds  have  rarely  yielded  anything  of  note  du 
nt  years.  Besides  the  remains  of  the  Crocodilian  Belodon, 
Dinosaurian  Zanclodon,  there  is  Dr.  KapfiTs  large  grou] 
>8auru8  ferratusy  forming  the  subject  of  the  memoir  in  187 
present  Director,  Prof.  Dr.  Oscar  Fraas.  It  is  a  marvellouB  fc 
rhich  no  figure  and  description  can  give  any  adequate  idea, 
e  Stegocephalians  fi-om  the  same  beds  are  also  prominent, 

shortly  be  described  in  a  memoir  in  course  of  preparatioi 
Eberhard  Fraas.     The  few  fishes  belong  mostly  to  Semionc 

it  is  almost  certain  that  the  supposed  portion  of  the  jaw 
rodactyle,  described  by  H.  von  Meyer,  pertains  to  a  fish 
marhynchus.     The  Wiirtemberg  Lias  is  represented  by  sei 
ihyosaurs — including  the  specimen  with  three  fcetal  individ 
bribed  by  Prof.  Seeley,  and  a  recently-acquired  paddle  sho^ 

integument,  described  by  Dr.  £.  Fraas.  There  are  also  o 
ssic  fishes,  and  among  these  are  some  specimens  labelled  Semio) 
ocephaltis  in  Agassiz'  handwriting,  showing  that  this  species  1 
tains  to  Pholidophorus,  as  already  suspected  by  Dr.  Oscar  F 
mall  example  of  Palaospinax  is  a  novelty.  Other  fine 
ains  are  exhibited  from  the  Wiirtemberg  Lithographic  Ston 
iplingen,  including  the  so-called  Sqtuitina  acanthoderma,  whi< 
bably  identical  with  S,  (Thaumas)  alifera;  and  the  coUectic 
distinguished  author  of  the  "Aus  dem  Orient "  naturally  con 
ly  treasures  from  Mount  Lebanon.     Among  Mammals  ther< 

teeth  of  Microleates  from  the  Upper  Keuper  Bone-bed  of  Bi 
sen,  Wiirtemberg ;  and  Prof.  Fraas  also  shows  the  origins 
classic  work  upon  the  Steinheim  Fauna,  besides  many  ai 
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examples  of  the  BohDerz  mammalia,  and  Pleiatooene   bones  too 
numerous  to  mention. 

Umiykrsity  Museum,  Tubihgkk. 

Amid  the  low  rounded  hills  and  broad  fertile  Talleys  of  Swabian 
Wiirtemberg,  lies  the  small  city  of  Tubingen,  the  home  of  Professor 
Dr.  Quenstedt.  There,  in  a  lofty  old  building  upon  the  slopes  over- 
looking the  Neckar,  it  is  a  privilege  and  pleasure  still  to  be  able  to 
meet  the  venerable  Professor  surrounded  by  the  fossils  illustrated 
in  his  works  and  memoirs  extending  over  a  period  of  not  less  than 
53  years.  The  collection  is  almost  exclusively  looal,  and  among 
Yertebrata  contains  many  unique  and  typical  specimens  of  great 
interest.  From  the  Trias  there  are  fine  remains  of  Zdndadan, 
including  a  foot;  also  the  natural  mould  of  a  Chelonian,  lately 
added,  perhaps  identical  with  Chelytherium  ohscurum,  H.  von  Meyer. 
From  the  Lias  several  well-preserved  Teleosaurs  and  IchthyosaniB 
are  exhibited,  some  of  the  latter  containing  foetal  young;  also 
an  unrivalled  series  of  examples  of  Lepidotua  elvensia,  described  in 
the  Professor*s  memoir,  40  years  ago ;  and  the  dentition  of  a 
Cestraciont  Selachian,  closely  allied  to  Strophodua,  more  recently 
made  known  under  the  name  of  BdeUodus  bollensU.  The  Litho- 
graphic Stone  fossils  include  the  type  of  Fterodactylua  suefficui,  an 
example  of  Rhacheosaurus,  the  original  group  of  teeth  of  NoHdawu 
serratu8,  and  many  remains  of  Ghimasroid  and  Ganoid  fishes.  Among 
Mammalia  several  fine  series  of  teeth  from  the  Bohnerz  are  exhibited, 
a  few  remains  from  Steinheim,  and  a  few  from  the  Wurtembeig 
Pleistocene  deposits. 

Darmstadt. 

When  on  the  confines  of  Hessen-Darmstadt,  the  palaeontologist 
is  naturally  attracted  by  the  works  of  Kaup  and  Lepsius  to  the 
State  Museum  in  Darmstadt.  At  present  the  collections  are  arranged 
in  some  of  the  rooms  of  the  old  Castle  in  the  middle  of  the  city,  but, 
as  almost  everywhere,  the  demand  for  a  specially  constructed  build- 
ing is  raised,  and  it  is  expected  that  before  long  the  want  will  be 
supplied.  Here,  as  might  be  supposed,  the  Tertiaries  of  the  Mayence 
Basin  are  especially  represented  ;  and  one  of  the  most  pleasing 
features  of  the  collection  consists  in  the  large  number  of  entirely 
new  Mammalian  fossils  from  Eppelsheim  continually  being  acquired 
through  the  well-directed  energies  of  the  present  keeper,  Prof.  Dr. 
Lepsiiis.  Species  known  in  the  days  of  Kaup  from  little  more  than 
detached  teeth  are  now  represented  by  fine  jaws  and  limb-bones ; 
and  the  original  type  series  begins  to  appear  very  small  and  insig- 
nificant. The  collection  of  remains  of  Halithertum  from  Alzey  and 
Flonbein  is  probably  unique ;  and  for  this  series,  too,  recent  acqui- 
sitions await  extrication  from  matrix  in  the  cabinets  of  the  Professor^s 
study.  The  original  remains  of  the  remarkable  Camel -like  genus 
and  species,  Merycotherium  sibiricum,  from  the  Pleistocene  of  Siberia, 
are  also  here  :  and  among  reptiles  may  be  noted  the  series  of 
Mayence  Crocodilian  remains  described  by  Ludwig  in  1877.  To 
the  latter  has  lately  been  added  the  elongated  snout  of  a  large  indi- 
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"viclual,  very  suggestive  of  the  genns  Bhamphoauchis  from  the  Siwalik 
Beds  of  India.  Several  undescribed  fishes  from  the  Mayence  Basin 
are  also  represented ;  and  among  the  latest  additions  is  a  portion  of 
the  trunk  of  a  large  rhombic- scaled  ganoid,  like  LepidosteuSj  from 
the  Brown-coal  of  the  neighbouring  village  of  Messel. 

Univsbbity  Mubrum,  Stbassburg. 

Passing  south  to  the  University  of  Strassburg,  we  find  the  Professor 
of  Greology  and  Palssontology  also  contemplating  removal  to  more 
commodious  quarters.  The  building  of  the  new  Oeologisches  Institut 
is  yet  only  half  erected,  near  to  the  great  University  Institutes  devoted 
to  Botany,  Physics,  and  Chemistry.  The  palsBontological  collection 
under  the  care  of  Prof.  Dr.  Benecke  is  very  extensive,  and  contains 
a  few  vertebrate  fossils  of  note.  The  counterpart  of  the  paddle  of  the 
Wurtemberg  Ichthyoiaurus^  already  noticed  at  Stuttgart,  is  preserved 
here— a  somewhat  unfortunate  separation  of  the  halves  of  so  unique 
a  specimen.  One  moiety  of  the  Jordan  Collection  of  Lebaoh  Permian 
fishes  is  also  to  be  seen,  the  other  moiety  being  in  Berlin ;  and  the 
types  of  Kner's  Conchopoma  gadiforme  are  thus  separated,  two  of  the 
series  (the  originals  of  pi.  i.  fig.  1,  and  pi.  iii.  of  Kner's  memoir)  being 
preserved  in  Strassburg.  Other  specimens  are  two  of  the  original 
teeth  of  the  common  Otodns  ohliquus  from  Sheppey,  figured  by 
Agassiz,  and  some  of  the  types  of  Carcharodon  productuSf  C,  leptodon, 
and  C,  megalodon;  also  some  Selachian  teeth,  figured  by  Gervais, 
from  the  Muschelkalk  of  Luneville.  The  Director  of  the  Natural 
History  Museum,  Dr.  D5derlein,  is  at  present  engaged  upon  the  study 
of  a  fine  series  of  the  Lebach  Fleuracanthus  (Xenacanthus) ;  and  the 
Assistant  in  Palaeontology,  Dr.  Otto  Jakel,  is  in  the  midst  of 
researches  upon  the  microscopical  structure  of  Selachian  teeth, 
particularly  those  of  the  Alsatian  and  Silesian  Muschelkalk. 

Pabis. 

The  great  Museum  of  Natural  History  in  Paris  is  too  well  known 
to  require  more  than  a  passing  notice.  Prof.  Gaudry's  collections  of 
fossil  Mammalia  from  Pikermi  and  Mont  Leberon,  a  large  series 
of  Mammalia  from  the  French  Phosphorites,  and  Cuvier's  Gypsum 
Mammalia,  are  to  be  seen ;  also  the  Gazzola  collection  of  Monte 
Bolca  Fishes,  and  some  fish-remains  from  Mount  Lebanon,  collected 
by  Prof.  Gaudry.  Conspicuous  among  recent  additions  are  specimens 
of  the  Stegocephalian  Actinodorif  and  some  other  vertebrates  from 
the  Middle  Permian  of  Autun,  lately  described  by  the  Professor. 
The  public  are  also  now  well  provided  for  in  the  new  temporary 
Gallery  of  Palaeontology,  in  which  are  exhibited  the  great  skeleton 
of  Elephas  meridionalis,  from  Durfort  (Gard),  a  reconstructed  skeleton 
of  Mastodon  angustidens,  from  the  Miocene  of  Simorre  (Gers),  and 
mounted  skeletons  of  Megatherium^  Scelidotherium,  and  Glyptodon, 
Cervua  hihemicus  and  Ursus  spelauSf  besides  a  slab  of  gypsum  with 
a  nearly  complete  skeleton  of  Falaotherium  magnum.  With  these 
are  placed  four  examples  of  Dinomis,  and  several  well-known 
reptilian  fossils,  in  addition  to  a  few  of  the  larger  Monte  Bolca  fishes. 
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BOULOGHK. 

The  Museum  of  Boulogne  is  presided  over  by  Dr.  H.  E.  SauTSge) 
the  Director  of  the  Station  Aquioole,  and  is  especially  ridi  in 
historical  antiquities,  mainly  discovered  in  the  immediate  neighhour- 
hood.  A  typical  collection,  however,  represents  local  geology  and 
palaeontology,  and  the  vertebrate  fossils  have  been  described  in 
some  of  the  well-known  works  of  the  Director.  A  Portlandian 
BhinohatuB  (Spathohatis)  seems  to  be  scarcely  distingoishable  from 
the  great  Ehinohatua  mirabilis  of  the  Solenhofen  Lithographic  SUme ; 
and  the  Kimmeridgian  fossils  are  very  like  those  of  En^and. 

In  concluding  these  brief  notes,  the  writer  would  once  more 
express  his  warmest  thanks  to  all  whose  cordial  receptions  every- 
where added  to  the  enjoyment  of  the  tour.  In  the  Scientific  World 
there  is  certainly  no  nationality;  and  a  practical  interest  in  any 
particular  branch  of  study  is  an  amply  sufficient  passport  to  all 
scenes  of  scientific  activity,  wherever  they  may  be. 
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Bat  or  Bengal. 

By  Prof.  V.  Ball,  M.A.,  F.E,8.,  F.G.8., 
Director  of  the  Science  and  Art  MoBeam,  Dublin. 

Second  Notice, 

ABOUT  nine  years  ago  I  contributed  to  the  pages  of  this 
Maoazinx,'  an  account  of  the  two  above-named  yolcanoes, 
which  was  founded  on  observations  made  during  brief  visits  by 
myself  in  the  year  1873,  and  on  the  published  records  of  visits  by 
previous  observers.  My  present  object  is  to  draw  attention  to 
information  which  has  since  then  been  acquired  regarding  them. 

Barren  Island,  Lat.  12°  15',  Long.  93°  6(y. 

As  BaiTen  Island  affords  a  typical  example  of  a  volcano  having  an 
encircling  outer  crater  with  an  inner  cone,  it  has  attracted  the  notice 
of  many  authors  who  have  written  either  on  general  geology  or  on 
special  volcanic  phenomena,  and  it  has  often  been  described  by 
them ;  but,  as  I  pointed  out,  their  descriptions  have,  unfortunately, 
interwoven  with  the  facts  a  certain  amount  of  myth,  the  origin  of 
which  I  was,  however,  enabled  to  indicate.  It  was  due  to  the  mis- 
conception by  Yon  Buch  of  the  meaning  of  the  English  description 
by  Blair,  from  which  be  quoted,  that  he  gave  currency  to  the  state- 
ment that  the  sea  bad  access  to  the  interior  of  the  old  crater  and 
surrounded  the  inner  cone.  For  this  statement  there  is  not  a 
shadow  of  historical  evidence,  the  records  so  far  as  they  go  prove 
the  contrary.  At  the  same  time  it  very  possibly  may  have  been  tbe 
case  at  a  prehistoric  period  in  the  life  of  the  volcano. 

In  the  year  1884,  what  may  be  described  as  the  first  exhaustive 
geological  and  topographical  survey  of  these  two  volcanic  islands 
was  made  by  Mr.  F.  R.  Mallet  and  Captain  Hobday,  who  spent  nine 

^  Gbolooical  UaqilxikI)  YoL  YI.  1879,  pp.  16-27. 
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days  at  Barren  Island  and  four  at  Narcondam.  The  result 
been  published  by  Mr.  Mallet,^  and  his  paper  gives  a  most  inte 
account  of  both  islands,  which  is  accompanied  by  several  v 
maps  and  sections,  all  of  which  may  be  said  to  supersede  wl 
been  previously  published. 

In  referring  to  the  subject  again,  I  desire  to  point  out,  in  tl 
place,  that  I  quite  agree  with  Mr.  Mallet  that  the  crater 
summit  of  the  cone  on  Barren  Island  as  he  saw  it  in  18^ 
practically  in  the  same  condition  as  when  I  saw  it  in  1873,  at 
consequently  there  has  been  no  active  eruption  during  the  ii 
of  eleven  years. 

Unfortunately  I  cannot  now  definitely  account  for  the  fa 
there  is  a  difference  in  the  bearings  of  the  larger  sides  of  the 
as  given  by  Dr.  Playfair  and  myself,  from  those  ascertained 
recent  survey.  It  is  possible  that  I  may  have  quoted  Dr.  Ph 
bearings  either  by  mistake  or  because  my  own  memorandu 
been  lost.  Be  that  as  it  may,  the  elliptical  hollow  as  now  dei 
and  represented  corresponds  in  all  its  details  with  my  recoUec 
what  it  was  when  I  saw  it. 

We  may  indeed,  I  think,  with  perfect  safety,  push  back  the 
of  the  quiescence  of  the  volcano  still  further.     There  is  bef 
an  original  copy  of  a  photograph  taken  by  M.  Mellitte  for  Dr. 
whose  signature  it  bears  and  the  date,  Dec.  1857.     It  represe 
cone  with  its  characteristic  points  exactly  as  it  is  shown 
lithograph  from  a  photograph  which  is  given  in  Mr.  Mallet's  n 
During  this  period  of  27  years,  that  is  to  say,  up  to  1884,  tl 
observed  manifestation  of  internal  action  has  been  afforded 
outpouring  of  steam  and  sulphurous  vapour  from  a  portion 
edge  of  the  crater. 

In  the  Bombay  2Vme«,  during  July,  1852,  the  volcano  : 
to  have  been  described  "  as  very  active."  I  was  unable,  w 
India,  to  verify  this  statement  by  reference  to  the  original.  P 
the  paragraph  itself  might  show  whether  this  was  only  an  62 
ated  way  of  describing  the  issue  of  steam  from  the  summit, 
volcano  was  really  in  a  violent  state  of  eruption  in  that  yeai 
should  be,  one  would  suppose,  abundant  record  of  it  in  the 
passing  vessels. 

Nothing  can  be  more  conclusive  as  to  the  cooling  down 
lower  parts  of  the  lava  which  occupies  the  valley  between  t 
outer  crater  and  the  cone,  and  perhaps  it  may  be  add 
exhaustion  generally  of  the  energy  of  this  volcano,  than  the  : 
of  the  temperatures  of  the  hot  spring  as  observed  during  the 
from  1832  to  1884.  In  1832  it  was  described  as  almost  b 
in  1857  (Drs.  Mouat  and  Playfair)  it  was  too  hot  to  be  boi 
the  hand,  their  thermometer  was  only  capable  of  measuring 
140°  F.;  in  1858  (Dr.  Liebig)  almost  boiling;  in  1862  (B 
Parish)  scalding  hot ;  in  1866  (Andaman  Committee)  158°- 
in  1873  (V.  Ball)  130° ;  in  1884  (F.  R.  Mallet)  106°— 116°. 
observations  are  not  sufficient  to  establish  the  rate  of  cooling, 

^  Mem.  Geol.  Sorrey  of  India,  toI.  xxi.  pt.  4. 
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the  later  ones  indicate  that  the  rate  itself  has  diminished  as  the  ooolii^ 
has  progressed,  in  general  aooordance  with  the  well-known  law. 

It  is  proved  by  the  historical  records  quoted  in  my  paper,  and  also 
in  Mr.  Mallet's,  that  the  volcano  was  in  a  state  of  violent  eruption 
in  1789  (Blair)  and  1803  (Horsburgh),  and  that  columns  of  smoke, 
or  rather  as  it  should  be,  steam,  were  observed  rising  from  it  in  1787 
(Colebrooke)  and  1791  (Horsburgh).*  I  have  now  to  add  a  hitherto 
unnoticed  record  of  its  appearance  on  the  29th  January,  1804,  as 
seen  by  an  officer  of  His  Majesty's  ship  **  Caroline,"  who  writes : 
**  On  the  same  evening  we  got  sight  of  Barren  or  Volcano  Island, 
which  at  the  time  was  burning  very  fiercely,  the  eruptions  taking 
place  every  eight  or  ten  minutes,  with  a  hollow  rumbling  noise. 

"  This  is  a  small  circular  island  lying  almost  in  sight  of  the  East 
Andaman,  between  that  and  the  Malay  coast ;  it  appears  to  be  a 
perfect  cinder,  or  at  least  covered  in  every  part  with  lava ;  it  is  of 
considerable  height,  and  the  volcanic  opening  or  ciuter  is  in  the 
centre  of  the  island. 

''  We  passed  within  a  mile  of  it,  and  as  the  winds  were  trifling 
we  observed  the  eruptions  for  three  days  and  nights  suooessively." ' 

As  we  have  no  records  of  the  condition  of  the  volcano  between 
1804  and  1832,  we  cannot  fix  an  exact  or  even  approximate  date  for 
the  more  recent  lava  flows,  nor  can  we  fix  the  total  duration  of  the 
violent  stage,  which,  probably,  with  quiescent  intermissions,  lasted 
for  at  least  16  years,  namely,  from  1789  to  1804. 

Blair  does  not  refer  to  the  lava  flows,  from  which  it  has  been 
concluded  that  they  did  not  exist  when  he  visited  the  island,  but 
this  negative  evidence  is  perhaps  hardly  sufficient  for  a  definite  con- 
clusion. Indeed,  the  break  in  the  side  through  which  one  of  the  flows 
reaches  the  sea  has  very  much  the  appearance  of  having  been  formed 
by  the  flow  itself,  as  in  the  case  of  Gampo  Bianco  in  the  island  of 
Lipari  (Volcanoes,  by  Professor  Judd,  p.  125).  If  such  was  the 
case,  as  the  breach  existed  in  Blair's  time,  the  lava  flow  must  also 
have  been  in  existence  then.  Mr.  Mallet  has  some  remarks  upon 
the  order  of  sequence  of  the  three  flows,  which  probably  exhaust 
the  possible  conjectures  in  regard  to  them.  The  earliest  mention  of 
them  is  by  a  visitor  who  landed  in  1832,  and  they  are  referred  to  bj 
Captain  Miller  in  1843. 

Since  my  paper  was  published  a  sketch  of  the  Island  by  an  officer 
of  the  Kwang-tung  steamer,  with  a  brief  descriptive  account,  was 
published  in  the  "  Graphic  "  for  April  16,  1881 ;  but  as  the  drawing 
gives  an  incorrect  representation  of  the  form  of  the  cone,  and  the 

^  There  is  a  very  circumstantial  account  of  a  violent  Tolcanic  eruption  in  the  Bay 
of  Bengal,  by  which  an  island  a  league  in  length  is  said  to  have  been  formed  in  the 
sea  three  leagues  from  Pondicherry,  in  the  year  1757.  As  in  the  case  of  Graham's 
Island,  in  the  Mediterranean,  the  Island  subsequently  disappeared,  having  been 
eroded  by  the  sea.  The  original  is  to  be  found  in  the  Annual  Jtegtster,  vol.  i.  1708. 
It  is  quoted  in  the  Journal  of  the  Asiatic  Society  of  Bengal,  1847,  vol.  xvi.  p.  499. 

^  Account  of  a  Voyage  to  India  and  China,  etc.,  in  His  Majesty's  Ship  Caroline, 
performed  in  the  years  1803-4-6,  interspersed  with  Descnptive  Sketches  and 
Cursory  Kemarks  by  an  Officer  of  the  Caroline.  See  Phillips'  Voyages  and  Travels, 
vol.  V. 
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letterpress  appears  to  be  founded  on  previous  accounts,  it  is  not  of 

much  value. 

The  more  important  dimensions  of  this  Island  which  have  now 

been  definitely  ascertained  are  as  follows : 

Maximum  diameter  of  Island    about  2  miles. 

Circumference       ,,     6^    ,, 

Height  of  outer  Crater llOOfeet. 

Estimated  height  of  original  Cone       8300    „ 

Heieht  of  inner  Cone 1000    „ 

Angle  of  slope  of  Cone 32° 

Naboondam,  Lat  13°  26' ;  Long.  94°  15'. 

The  account  by  Mr.  Mallet  of  this  volcano  is,  in  some  respects,  of 
greater  value,  though  less  interesting  than  that  of  Barren  Island. 
This  is  due  to  the  fact  that  it  had  never  been  so  thoroughly  examined 
as  the  latter  has,  and  because  the  total  information  regarding  it  was 
vague  and  incomplete. 

We  now  know  that  its  highest  peak  rises  to  2330  feet  above  the 
sea,  that  it  retains  no  remnant  of  any  crater,  and  owing  to  the 
absence  of  clearly  marked  alternations  of  lava  and  ash,  such  as 
occur  in  Barren  Island,  there  is  some  probability  that  it  never  had 
one.  In  other  words  that  it  may,  as  Mr.  Mallet  suggests,  owe  its 
origin  to  the  "  extrusion  of  viscid  lava  without  the  accompaniment 
of  crater-forming  materials,'*  like  the  domite  Fuys  of  Auvergne. 

The  lavas  of  Narcondam,  unlike  those  of  Barren  Island,  are  of  a 
very  uniform  character ;  felspars,  both  triolinic  and  orthoclinic,  occur 
in  them,  causing  them  to  be  of  a  very  pale  colour,  and  they  include 
both  hornblende  and  augite— the  latter  in  a  subordinate  degree ; 
they  are  in  short,  according  to  Mr.  Mallet,  hornblendic  andesites, 
and  are  distinctly  more  acidic  than  are  those  of  Barren  Island. 

Certain  agglomerates  consisting  of  rounded  and  angular  fragments 
of  lava  embedded  in  a  finer  matrix  are  largely  developed  on  the 
coast.  They  appear  to  have  been  formed  by  pluvial  action,  ^as  no 
trace  of  marine  organisms  has  been  observed  in  them. 

My  observations  on  Narcondam  having  been  limited  to  the  neigh- 
bourhood of  one  small  bay,  I  could  only  speak  as  to  the  absence  of 
any  evidence  there  of  recent  volcanic  action.  Mr.  Mallet  has,  how- 
ever, confirmed  this  for  the  whole  island,  and  there  is  no  record,  so 
far  as  is  known,  of  the  volcano  ever  having  been  observed  in  a  state 
of  activity. 

Colonel  Yule'  has,  however,  suggested  a  Sanskrit  derivation  for 
the  name,  Naraka-Kondam  = ''  a  pit  of  hell,"  as  being  possibly  con- 
nected with  a  period  when  the  volcano  was  active ;  but  Mr.  Mallet 
has  collected  evidence  from  old  charts  which  tends  to  prove  that 
there  was  confusion  between  the  two  islands,  and  that  the  name 
Narcondam  may  have  been  at  one  time  applied  to  Barren  Island —  to 
the  form  of  which  the  title  "  a  pit  of  hell "  would  not  be  inappro- 
priate, and  with  the  probability  of  this  being  the  true  explanation 
Colonel  Yule'  has  expressed  his  concurrence. 

^  Marco  Polo,  bk.  iii.  ch.  13,  note. 

'  Anglo-Indian  Glossary,  art  Narooodnk 


T\m  «Obftc*l  ikafMc  sad  afanpl  apfMBzaaas  -if 

ftr.r  of  tL«  oriiiLkrj  Tolcftuc 

hr  tnr^Ii^n  4r%  of  ooit^dcnbl^  intense,  zifr  Hlxt^^jmxz  wama.  v 
ftd'i^d  t'^  tL/^^K  giT^rn  in  xt  prerii-ai  pfti«r.  AiSOjniitc  ii  -7  iL  Tus 
N«n»&dhin  iji  firtt  referrtid  to  br  LiDMLi^cefi  za^  ijkt  tuM^  lici*?  moz 
th^E;  naiae  of  Fuui&A/faM.  In  5Qrg»on  Fmiijii^B.'*  MBbtmc  ie  Zzvp- 
far'i'i  Uii^jiion'Xo  Hiun  we  find  ih*  follow^"  —.5.* — i-  =— -  t—  f 
1^21: — "On  tbe  following  morning,  at 
fti^^ht  of  Naroondam,  an  ixUiid  apjiareDtlj  Ber^rai  sf!^ 
ib  form  abd  abajie  a  perfect  specuncii  of  the  tt'i  miV  --ri«ft.  ma 
we  calcalat«']  to  be  about  two  thoonnd  fiv«  L'sndred  iwc  m«»  "31^ 
tea.  W«  were  at  too  great  a  diatanoe  to  entersain  a  i»rce  x  jmanx 
Ob  it.  TLia  bland  from  iu  height,  iu  aolitarr  exisOBDK  3l  a  wiai 
tea.  and  its  nngalar  and  beantifnl  form  ouuuxstBft 

object." 
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Xaunnm  diameter  of  I*bad t\  aw 
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V. — SEcno58  OF  Bagshot  Beds  at  Fdichaxpvtkad.  £i 
Bj  the  Ber.  A.  Iktdio,  D.Sc.  (ljmL%  B.A^  F.G^ 

CONSIDERING  the  interest  that  has  been  awakftwd  of  ba 
in  the  Bagvhot  Beds  of  the  London  Basin,  and  tbe  F^'^crr 
of  good  sections  oj^en  to  the  light  of  day  exhibiting  a^j  o:e- 
siderable  vertical  range  of  those  \yeds,  it  has  occurred  ro  n>e  tLt: 
a  fuller  description  of  these  Finchaiopstead  sections  maj  he  :i 
safBcient  interest  to  students  of  Tertiary  g«:dogy  to  JT2Ki5r  ia 
appearance  in  the  f^ages  of  the  Geological  Magazixk.*  In  the  ta^ 
we  have  before  ns  of  attempting  to  work  out  the  old  physical  gcc^raplj 
of  the  Lower  Thames  Basin  in  later  Eocene  times,  everv  comtnl^ii<m 

m 

of  farin  ^by  no  means  the  easiest  part  of  inductive  science  •  most  be 
w«r\f:ftuie  to  students  of  the  subject.  The  problem  was  sketched  in  its 
outlines  and  bequeathed  to  his  successors  by  the  versatile  mind  of  the 
lat^j  J'rof.  John  Phillips.  F.R.S.  **  In  considering  these  remarkable 
strata  Om  says,*  of  the  London  Bagshot  Beds),  which  were  accnmolated 
in  a  period  ho  near,  geologically  speaking,  to  our  own,  we  are  pre- 
iwfiit'fd  with  firoblenis  of  great  interest,  which,  if  they  can  be  solved, 
will  )iav#3  rnoro  than  local  application.  Whence  came  the  materials, 
tho  clay,  the  sand,  the  pebbles  ?     In  what  direction,  by  what  forces 

'  Th«!  yAiUir  much  n'jrr<rt«  thf*  delay  which  has  arisen  in  the  publication  of  this  pipw. 

'  "  (;<f»Io^y  of  Oxford  and  the  Vallev  of  the  Thames,"  p.  460.  There  is  a  >liebt 
trroT  on  th«r  nanK;  pa^ro:  *Mhe  highest  land  which  [the  Bngshot  beds]  reach  in  this 
ana"  in  tho  iilat*;au  of  Ca;wir*s  Camp  and  Bt-acon  Hill  south  of  Aldershot.  not 
IIumfxit4:ad  Ilt'ath.  He  is,  I  believe,  also  in  error  in  ascribing  the  *  flint-pebbles  * 
to  rivvr-action  so  far  as  the  rounding  of  them  is  concerned. 
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urged  ?  What  were  the  tracts  of  sea  and  land,  how  deep  the  water, 
how  high  the  land  ?  What  is  the  explanation  of  the  appearance  of 
fluviatile  shells  among  oceanic  exuvice  ? "  The  subject  as  thus 
sketched  is,  it  will  be  admitted,  one  of  far  wider  and  more  general 
interest  than  such  minor  questions  (which  crop  up  in  connexion 
with  it)  as  can  be  settled  by  the  ordinary  rules  of  stratigraphy.  It 
is  easy  to  indulge  in '  premature  speculation  on  the  subject ;  but 
sound  inductive  science  requires  the  slow  and  patient  antecedent 
process  of  accurate  observation,  and  a  record  and  comparison  of 
facts.  While  feeling  our  way  to  such  ultimate  conclusions  as  may 
be  established,  not  on  an  aggregation  of  opinions  or  '  views,'  but  as 
rigid  inductions  from  facts,  many  minor  inductions  must  of  course 
be  made  and  criticized,  some  of  which  will  have  to  be  abandoned  in 
the  light  of  fuller  knowledge.  It  is  therefore  desirable  that,  when 
exceptional  facilities  occur  (such  as  were  presented  to  Prof.  Prestwich 
some  40  years  ago  at  Ooldsworthy),  a  careful  record  of  the  facts 
should  be  preserved. 

The  present  paper  will  be  mainly  occupied  with  the  detailed 
description  of  some  sections  at  Finchampstead,  Berks,  in  which  the 
whole  complexus  or  group  of  the  Middle  Bagshot  Beds  is  exposed. 
One  or  two  of  these  sections  have  been  referred  to  on  previous 
occasions  by  myself^  and  by  other  writers,'  and  in  one  instance  a 
sectional  drawing  has  been  given.^  Convinced,  however,  that  that 
was  not  exactly  in  accordance  with  the  facts,  the  author  (Oct  1886) 
got  some  rather  extensive  excavations  made  in  the  old  clay-pit  on 
the  north  side  of  Wick  Hill  near  Ninemile  Ride,  and  the  section  thus 
obtained,  when  correlated  with  the  open  section  in  the  California 
brickyards  on  the  other  side  of  the  road,  the  levels  being  taken 
from  one  spot  to  the  other  (a  distance  of  830  yards),  was  found  to 
furnish  the  details  given  in  the  figured  section  of  this  paper  (p.  411). 

In  these  combined  sections  in  the  Wick  Hill  clay-pit,  and  in  the 
California  brickyard,^  the  Middle  Bagshot  beds  are  seen  to  attain 
a  thickness  of  about  50  feet  as  compared  with  quite  70  feet  in  the 
well  at  Wellington  College.  This  diminution  is  entirely  at  the 
expense  of  the  green-earth  series  (Nos.  7  and  8  of  the  latter  section). 
This,  as  I  have  shown  in  recent  papers  read  before  the  Geological 
Society,  is  found  to  be  the  case  generally,  the  41  feet  of  the  well- 
section  dwindling  down  to  20  feet  in  a  distance  three-quarters  of 
a  mile  to  the  north,  the  attenuation  of  those  beds  being  complete 
before  we  reach  Easthampstead.  In  this  section  they  may  be  repre- 
sented by  only  16  feet,  while  the  upper  clay-bed  (9  feet  thick  at 
Wellington  College,  and  6  feet  thick  in  the  Station  cutting)  is  here 
seen  developed  to  10  feet,  the  boundary-line  between  it  and  the 
bed  next  below  being  drawn  where  patches  of  green  earthy  sand 
first  appear.  This  is  not  the  only  case  in  which  this  bed  is  found 
to  assume  a  greater  thickness  as  we  approach  the  London  Clay ;  at 

*  Q.J.G.S.  vol.  xli.  p.  504.     Wick  Hill  is  named  on  some  maps  'Upwick's  Hill.' 
^  Q  J.G.S.  vol.  ilii.  p.  408. 

5  Ivc.  eit.  fig.  2,  p.  409. 

*  Sections  P  and  Q  of  my  last  paper  (Q.J.G.S.  toI.  xHt.  p.  172). 
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Smnley  (e.g.),  where  its  horizon  is  determined  by  its  relation  to 
the  Upper  Bagshot  Sands  of  Tower  Hill,  and  to  the  dark  greeo 
sand  which  is  found  everywhere  beneath  it  in  the  trial  holes  whidi 
have  been  made  in  Mr.  Lawrence's  brickyarda,  it  attains  a  thickness 
of  12  to  14  feet^  The  increased  argillaceous  character  of  the  green- 
earth  beds  in  the  Wick  Hill  section,  to  such  an  extent  as  to  almoet 
ohliterate  their  green  earthy  character,  by  the  development  of  strong 
clays,  is  definitely  anticipated  in  the  intermediate  country  in  the 
direction  of  Wellington  College. 

Thus  a  strong  unctuous  grey  clay  ia  found  in  thin  beds  inter- 
calated with  the  green  earths  on  the  north  side  of  Wellington 
College  estate ;  and  in  what  is  known  as  Hollo  way's  Land  on  the 
north  side  of  the  Duke's  Bide,  the  clays  of  the  green-earth  series 
are  so  considerably  developed,  that  a  few  years  ago  they  were 
worked  for  bricks.  They  are  partly  grey,  partly  purplish  clays, 
with  numerous  included  patches  and  small  layers  of  the  typical 
green  earthy  sands.  The  upper  clay-bed  in  the  Wick  Hill  section 
has  more  green  earthy  sand  in  proportion  to  the  clay-seams  than  it 
has  in  the  cutting  north  of  the  station ;  but  both  Uie  green  sand 
and  the  clay-seams  are  of  the  same  quality,  and  the  physical 
character  of  the  bed  is  the  same  in  both  sections.  More  extended 
observation  of  the  Bagshots  has  led  me  to  regard  the  upper  5  feet 
or  so  of  coarse  loose  sand,  with  a  few  strongly-marked  day-seams 
in  the  California  sub-section,  as  not  a  true  Bagshot  Bed  at  alL  It 
is  much  less  compacted  than  they  are ;  it  has  a  strong  pseudo-dip  to 
the  north,  as  is  seen  again  in  the  excavation  by  the  rifle-butts; 
and  in  one  pit-face  I  measured  lately  a  dip  of  2^°  W.N.W.  It  is, 
I  believe,  nothing  more  than  a  deposit  formed  by  the  run  of  the 
hill  to  the  south  in  post-Bagshot  times.'  The  section-diagram  and 
the  marginal  descriptions  of  the  several  beds  are  made  from 
measurements  and  notes  taken  on  the  afternoon  of  the  day  on  which 
the  clean  excavation  was  made  for  me  in  1886,  and  from  the 
open  clay-pits  in  the  brickyard.  The  lower  part  of  the  California 
sub-section  is  constructed  from  data  furnished  in  two  wells  at  the 
engine-house. 

There  being  good  vertical  sections  at  right  angles  of  the  lower 
clay-and-laminated-sand-bed  in  the  open  pits  in  the  brickfield,  the 
absence  of  any  measurable  dip  in  it  may  be  predicated  with  some 
degree  of  certainty.  Yet  a  considerable  dip  would  be  required  in 
order  to  bring  them  into  the  Lower  Bagshot,  if  we  take  into  account 
the  position  of  the  green  earth  series  (20  feet  exposed)  with  the 
clay -bed  above  it  at  Heath  Pool,  the  position  of  the  Upper  Bagshot 

*  For  fuller  details  see  Section  L  of  mv  paper  on  **The  Stratigraphy  of  the  Bagshot 
Beds  of  the  Loudon  Basin,"  Q.  J.G.S.  May,  188S. 

*  A  similar  *  run  of  the  hill,'  with  a  pseudo-dip  'rather  north  of  east*  on  the  side 
of  Thorn  Hill,  Aldershot,  has  been  wrongly  noted  as  a  dip  of  the  Bagshot  beds 
there  (Q.J.G.S.  vol.  xlii.  p.  410).  Here,  however,  the  character  of  the  deposit  is 
more  suggestive  of  rearrangement  in  a  shallow  lake ;  possibly  on  the  margin  of  the 
Thames- valley  arm  of  the  great  extra-morainic  lake  of  the  late  Prof.  H.  Carrill 
Lewis,  whose  loss  we  deplore.  To  add  anything  to  the  sketch  of  his  character  at 
the  end  of  the  article  in  *'  Nature  "  (August  9th,  1888)  would  be  an  attempt  to  *  gild 
reined  gold.* 


SECTION  OF  MIDDLE  BAQSHOT  BEDS, 
[owing  details  obtained  dubino  excayations  on  the  nobth  bids  of 
Wick  Hill,  Finchampstbad,  and  in  California  bbick-yard. 
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,  Pebbly  drift  of  the  hill-slope     ....    .to    2 

Loamy  land  nearly  white  above,  brown 
below,  bedding  irregular,  greeo  grains 
near  the  bottom       to    6 

Green  sand  with  very  well  defined  seams 
"    of  purple  clay  {F.  W.  Diatoms), .    .     .to    9 

A  layer  of  bog  iron-ore 


Stiff  clay,  strongly  laminated,  deep  purple 
and  chocolate-coloured.    ......  to  15 


"^  Stiff  clay,  nearly  black  above,  drab- 
coloured  below,  coarsely  laminated, 
with  patches  of  green  sand  and  irony 
nodules        to2o 


Brown  irony  loam  with  much  pronounced 
''    green  sand  in  rough  layers  and  pockets,  to  s6 


— Driik. 
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No.  II 


Irregularly  bed- 
ded sand,  with 
seams  of  clav, 
with  a  pseuoo- 
dip  tottieN..to3x 


'Mild  clay' (makes 
inferior  bricks) 
more  sandy  in 
lower  part. 
Proved  to  above 
15  feet  in  pit 
excavations ; 
the  remainder 
in   two   wells 
at  the  engine- 
house    .    .    .to 51 
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Grey  green  dirty 
Sana,     rather 
'  soapy,'  yield- 
ing water 
plentifully,     .to  57 


Sub -section 
in  bk.  yd. 

*  (Nos.  as  in  Section  fig.  x,  Q.J.G.S.  vol.  xli.  p.  494.)  The  bracketing  on  the  left-hand 
de  of  the  figure  must  be  reflrarded  as  tentative.  In  Q.J.G.S.  (vol.  zhv.p.  17a)  reason* 
re  given  for  assigning  the  stiff,  chocolate-coloured  clays  to  bed  No.  7. 
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Sands  in  the  lane  a  little  way  to  the  south  below  Bidge  Farm,  and 
the  position  of  the  whole  Middle  Bagshot  group,  on  the  other  side 
of  Ninemile  Ride  (Q.J.G.S.  vol.  xliv.  pp.  171,  172).  These  facte 
so  strongly  substantiate  the  mapping  of  these  California  beds  as  the 
hasemeni-hed$  of  the  Middle  Bagshot,  that  their  true  horizon  can 
scarcely  be  a  matter  for  further  discussion.^  The  20  feet  of  clays 
and  loams,  with  included  irony  nodules,  which  are  here  recognized 
as  constituting  the  basement-beds  of  the  Middle  Bagshot,  seem  to 
mark  the  most  persistent  and  constant  horizon  through  the  whole 
Bagshot  district ;  they  are  as  distinctly  recognizable  at  their  southern 
outcrop  at  Aldershot,  Ash  and  Woking,  as  they  are  on  this  northern 
side.'  In  every  case  where  they  do  not  overlap  the  Lower  Bagshot, 
and  rest  directly  upon  the  London  Clay,  they  are  succeeded  down- 
wards by  a  fine  quartz  sand,  generally  containing  minute  flakes  of 
glassy  silica.  In  most  of  the  well-sections  known  to  me  on  the  northern 
side  of  the  district,  this  is  a  dirty  carbonaceous  sand,  generally 
blaokish  with  a  tinge  more  or  less  of  green,  and  it  usually  contains 
lignite  and  pyritous  material,  the  latter  often  cementing  the  sand 
into  hard  nodules.  On  the  other  hand,  where  it  crops  out  at  the 
surface,  it  occurs  as  a  much  cleaner  sand  (in  places  almost  a  '  silver 
sand  '),  from  long  exposure  to  the  oxydizing  action  of  atmospherio 
waters.  This  succession,  which  is  seen  in  the  wells  at  California 
(see  section),  is  seen  in  the  banks  of  King's  Mere,  and  near  the 
railway  about  three-quarters  of  a  mile  to  the  east ;  it  occurs  again 
in  the  valley  three-quarters  of  a  mile  north  of  Wellington  College, 
where  I  have  lately  proved  the  base  of  these  loam  and  clay  beds  of 
the  Middle  Group  by  excavation ;  at  exactly  the  same  altitude  (215 
o.D.)  ;  it  is  seen  at  Wokingham,  in  the  railway-cuttings  at  Buckburst 
and  Bracknell,  in  the  Pinewood  Brickyard  by  the  Ninemile  Ride 
(1^  miles  east  of  California)  ;  it  was  proved  in  a  well  at  Longmoor, 
about  a  mile  to  the  west,  some  years  ago,  and  in  a  well  at  the  village 
school,  Finchampstead,  which  was  dug  two  years  ago.  At  the  western 
end  of  Finchampstead  Ridges  we  can  trace  the  succession  of  the  beds 
by  a  number  of  road- sections,  from  a  section  in  the  Upper  Bagshot 
at  North  Court  (300  o.d.)^  down  through  the  pebble- bed  (at  about 

*  Q.J.G.S.  vol.  xli.  p.  604;  also  ibid,  vol.  xlii.  p.  408.  There  is,  moreover, 
nothing  in  the  known  structure  of  the  Lower  Bagshot  Beds  of  the  deep-well  sections 
of  this  northern  side  of  the  district  to  warrant  the  assignment  of  those  beds  to  that 
group. 

'  1  have  traced  and  mapped  for  the  most  part  their  outcrop  along  the  northern 
flank  of  the  Bagshot  area  from  Farley  Hill  south  of  Beading  to  Englefield  Green 
(see  last  paper,  Q.J.G.S.  May,  1888). 

'  Recently  a  new  road -cutting  8  to  10  feet  deep,  close  by  North  Court,  has 
given  us  a  capital  section  of  the  Upper  Bagshot  Beds.  The  beds  are  of  the  usual 
character  in  the  lower  part  of  the  section,  but  these  pass  upwards  by  a  steady 
gradation  into  a  very  stiff  irony  *  leathery '  loam,  in  which  occur  numerous  pipes  and 
small  layers  of  loose  sand  interminglea  with  many  black  and  some  green  grains. 
They  are  infillings  in  all  probability  of  the  holes  and  tubes  left  by  the  decay  of  the 
roots  and  rhizomes  of  plants  that  grew  in  titUy  when,  after  the  close  of  the  Bagshot 
period,  the  ancient  marine  estuary  became  reconverted  by  an  ordinary  silting-up 
process  into  land.  Emptied  of  the  contained  sand,  these  holes  and  tubes  b^  a 
striking  resemblance  to  those  often  seen  in  Sarsen  stones  (cf.  remarks  by  the  author, 
Proc.  (ieol,  Assoc,  vol.  viu.  p.  156^. 
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260),  the  upper  clay,  the  green  earths  (at  East  Court)  and  the  lower 
clays  and  sands  of  the  Middle  Bagshot  hasement-bed,  which  is  seen 
in  small  road-sections  cropping  out  below  the  green  earths  (the 
junction  being  exposed  in  section  continuously  for  about  20  yards), 
till  we  come  to  about  210  (o.d.)  at  the  village  school.  Here  the 
well  just  mentioned  gives  the  following  sections : 

a.  Yellow  stiff  ferruginous  clayey  (laminated)  sand     10  feet 

b.  Greenish-black  sand  with  pyritous  nodules     6 

e,  Eunning  bluish  quartz  sand  with  lumps  of  stiff  black  clay 6 


20  feet 
The  succession  of  the  whole  Middle  Bagshot  series  immediately 
above  leaves  no  room  for  doubt  as  to  the  horizon  here.     At  Long- 
moor  (the  particulars  of  this  well  were  given  me  by  the  man  who 
dug  it)  the  section  is  as  follows : — 

a.  Gravelly  drift , 1  foot 

b.  Soft  loamy  yellowish  clay,  **  like  that  now  dug  in  the  California  pits, 

but  not  quite  so  strong."   8  feet 

e.  Soft  loose  saad  12  „ 

16  feet 
This  is  near  the  outcrop  of  the  London  Clay. 

In  my  last  paper  (Q.  J.  G.  S.  May,  1888)  particulars  are  given  of 
the  structure  of  the  Church  Hill  which  forms  the  westernmost  spur 
of  Finchampstead  Eidges,  and  of  the  stratigraphical  relation  of  the 
beds  in  the  Bearwood  Hills  to  those  in  that  hill,  from  which  1  still 
maintain  that  the  recognition  of  the  pebble-bed  horizon  in  the 
Barkham  pit,  and  in  Coombe  Wood,  as  marking  the  base  of  the 
Upper  Bagshot,  fits  in  well  with  the  structure  of  the  adjoining 
country.  This  could  easily  be  shown  in  a  section  drawn  about  north- 
west from  Wellington  College,  so  as  to  include  the  well-section 
there,  the  section  at  the  station,  and  that  of  a  well  dug  lately  (1886) 
behind  the  Wellington  Hotel,  the  section  in  the  pinewoods  near 
Heath  Pool,^  and  the  Wick-Hill-Califomia  section. 

The  facts  described  in  this  paper,  and  in  those  which  have  recently 
appeared  in  the  Geol.  Society's  Journal,  admit  of  one  simple  explana- 
tion, and  that  is  a  gradual  (though  not  uniform)  attenuation  of  the 
Lower  Group  of  quartz  sands  (ninety-five  feet  thick  at  Wellington 
College)  and  of  the  green-earth  beds  of  the  Middle  Group.  In  con- 
sequence of  this,  the  gradients  of  the  basement  clayey  beds  of  the 
Middle  Group,  the  base  of  the  Upper  Group,  and  the  surface  of  the 
London  Clay,  form  a  triad  of  horizons  which  approximate  nearer 
and  nearer  to  one  another  as  we  trace  them  to  the  north ;  and,  as 
a  further  consequence  of  this,  beds  of  higher  horizons  overlap  in 
places  those  of  lower,  and  rest  upon  an  eroded  surface  of  the  London 
Clay  along  the  line  of  country  by  Bearwood,  Wokingham,  Buckhurst 
and  Bracknell,  so  that  we  have  pretty  clear  indications  of  the 
northern  shore-limit  of  the  ancient  Eocene  estuary,  traces  of  its 
affluents  being  recognized  at  Ascot  and  Wokingham. 

Supplementary  Note, — In  a  former  paper  (Geol.  Mao.  Dec.  m. 

1  Section  0  {(X.J.Q.B.  tqL  ylfar.  n.  ^^  V 
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Vol.  n.  p.  18)  the  aatbor  spoke  of  the  well  at  Finchampstead 
Bectory  as  penetrating  the  Upper  Bagshot  Sands,  mainly  on  aoooant 
of  the  absence  of  green  earthy  sands  in  the  section.  In  the  fisuse  of 
the  facts  since  brought  to  light  in  connexion  with  the  stratigraphy 
of  Finchampstead  Ridges,  this  view  is  seen  to  be  untenable.  The 
absence  of  any  noticeable  quantity  of  green  earthy  sands  in  the  well 
is  probably  accounted  for  by  such  a  lateral  variation  of  the  litho- 
logical  character  of  the  Middle  Bagshot  beds^  as  has  been  noticed  in 
this  paper  at  Wick  Hill ;  and  when  this  is  taken  into  account,  it  will 
be  seen  that  the  relegation  of  the  beds  in  the  hill  on  which  the 
Bectory  stands  to  the  Middle  Bagshot  does  not  affect  materially  the 
argument  of  the  previous  paper,  which  dealt  merely  with  the 
question  of  Water  Supply.  It  is  the  basement-bed  of  the  Middle 
Uroup  which  forms  the  water-bearing  horizon  in  the  hill  on  which 
the  Bcctoiy  stands,  and  the  surrounding  country  is  chiefly  indebted 
to  the  clayey  beds  of  this  group  for  its  fertility  and  the  charms 
of  the  landscape. 


A 


YI. — On  Somb  Bock  Spkoimems  from  Somali  Land. 

By  Miss  C.  A.  Raisot,  B.Sc. 

S  not  much  appears  to  be  known  about  the  geology  of  Somali 
Land,  a  description  of  some  specimens,  forwarded  by  Gol.  M. 
Gk)sset,  and  collected  by  Capt.  King,  the  Political  Officer  at  Zaila, 
may  be  of  interest  These  specimens  were  sent  to  Prof.  Bupert 
Jones,  who  requested  Professor  Bonney  to  undertake  the  description 
of  them.  As,  owing  to  unexpected  pressure  of  work,  he  found  it 
difficult  to  spare  time  for  this  purpose,  he  placed  them  in  my  hands, 
and  the  work  has  been  done  at  University  College  under  bis 
superintendence. 

The  collection  of  rocks  was  made  during  an  expedition  from 
Zaila  to  Mount  Eilo.  Zaila  is  on  the  northern  coast  of  the  Somali 
Land,  and  Mount  Eilo  lies  to  the  south-east,  on  the  northern  frontier 
of  the  Gadabursi  country.  The  account,  sent  by  Capt.  King,  gives 
us  the  following  particulars  of  the  district.  The  hills  consist  mainly 
of  limestones,  which  are  usually  crystalline,  and  somewhat  fissile. 
One  variety  is  a  fine-grained,  hard,  lithographic  stone,  which  is 
grey,  yellowish-grey,  or  reddish-brown  in  colour,  and  breaks  with  a 
marked  conchoidal  fracture.  Boulders  of  this  stone  occur  abundantly 
in  the  river-beds,  and  some  of  the  slabs  appeared  as  if  they  had  been 
artificially  quarried  for  lithographic  purposes.  A  sandstone  gene- 
rally of  a  reddish-yellow  colour  is  associated  with  the  limestones. 
It  is  hard,  fine-grained,  and  massive,  and  is  well  adapted  for  grind- 
stones. The  hills  exhibit  a  ; clearly  marked  stratification,  and  the 
beds  dip  usually  at  an  angle  of  from  20°  to  25°. 

Felspar  and  hornblende-bearing  rocks  [a  porphyrite  and  a  horn- 
blende-diabase], and  one  which  is  greenish  and  compact  [an  epido- 
site],  occur  near  the  foot  of  the  hills,  while  outcrops  of  mica-schist 
and  gneiss  are  exposed  in  the  valley s,  where  we  find  also  abundance 
of  fragmental  quartz. 
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Over  sheltered  vaUeys,  such  as  the  Eoton,  there  is  spread  a  thick 
covering  of  rich  soil.  The  main  valleys  are  long,  and  have  a  gentle 
slope ;  and  in  these,  large  boulders  rarely  occur,  but  they  are 
common  in  the  short  and  steep  ramifications,  and  the  exposed  slopes 
of  the  hills  show  signs  of  very  extensive  denudation.  The  detritus, 
thence  derived,  has  been  carried  down,  until  its  transport  was 
checked  by  the  sea  and  by  the  fringe  of  coral  r^fs,  and  the  deposit 
then  accumulated  backwards,  building  up  the  immense  alluvial 
plain  in  the  form  of  a  long,  narrow,  and  scarcely  perceptible  basin, 
parallel  to  the  coast-line.  The  light,  argillaceous  portion  of  the 
detritus  reached  the  coast  first  It  was  there  rapidly  deposited  and 
formed  an  impermeable  stratum,  which  retains  both  the  local  rain 
water  and  that  which  is  absorbed  further  inland.  As  a  result, 
abundance  of  water  is  obtainable  all  along  the  coast,  from  the  Gulf 
of  Tajurra  to  Bulbar,  within  three  or  four  feet  of  the  surface,  while 
in  the  alluvial  plain  further  inland  the  wells  have  to  be  sunk  to  a 
oonsiderable  depth.  One  of  the  circumstances,  which  tend  to 
maintain  the  water  supply  in  the  coast  basin  is  that  the  rainy 
seasons  above  and  below  the  Ghats  do  not  coincide.  In  illustration 
of  this,  Gapt  King  mentions  that  he  saw  the  Taknota  river,  when  in 
a  state  of  flood,  discolouring  the  sea  to  a  distance  of  more  than  a 
mile,  although  no  rain  had  fallen  near  the  coast  for  some  months. 

The  specimens  collected  by  Capt.  King  have  been  examined,  and 
slides  for  the  microscope  prepared  from  the  most  interesting. 

Igneous  Bocks,  (1.)  Forphyrite. — This  rock,  of  a  dingy-brown, 
containing  porphyritic  felspars,  chiefly  plagioclase,  and  other  crystals 
possibly  pseudomorphs  after  pyroxene,  gives  good  illustration  of  the 
replacement  of  felspar.  Granular  epidote  has  developed,  generally 
from  the  heart  of  the  crystal,  and  forms  pale-green  patches,  well 
marked  even  in  the  hand  specimen.  In  one  felspar,  there  is  a  fan- 
shaped  group  of  chlorite ;  apatite  crystals  are  also  present,  one  of 
which  seems  to  have  been  corroded  by  intruding  portions  of  the 
ground-mass. 

(2.)  Homblende-Diahase, — The  crowded  crystals  of  large  green 
hornblende  are  very  dichroic,  giving  high  tints  with  crossed  Nicols 
(purples  and  reds),  but  they  pass  by  a  gradual  transition  to  lighter- 
coloured  less  dichroic  patches  within,  and  thus  recall  the  more 
abrupt  variation  from  brown  to  green  hornblende  in  the  Little  Knott 
rock.^  It  would  seem  that  a  secondary  change  has  attacked  the 
mineral,  but  has  not  completely  spread  over  the  interior.  There  is 
a  tendency  to  an  orientation  in  the  hornblende  cleavages,  and  the 
crushed  and  schistose  structure  of  the  rock  may  well  be  the  result  of 
pressure,  which  has  acted  on  what  was  possibly  once  a  gabbro. 

(3.)  Oranite, — This  granite,  whose  locality  is  not  given,  may  perhaps 
have  occurred  in  association  with  the  metamorphic  rocks  of  the 
valleys,  and  may  contribute  to  the  f ragmen tal  quartz,  which  is  said 
to  be  so  abundant  there.  The  felspar  is  chiefly  microcline;  and, 
included  both  in  it  and  in  the  quartz,  is  a  dark  green  metallic-looking 
mica,  so  small  in  amount  that  the  rock  is  almost  a  binary  granite. 

^  Q.J.O.S.  1886,  Tol.  xU.  p.  612,  pL  xri.  fig.  2. 
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In  the  quartz,  along  continuous  Burfaoes,  are  rather  large  flnid 
cavities  with  moving  bubbles.  The  granite  seems  somewhat  dis- 
integrated ;  the  quartz  grains,  and,  at  places,  the  felspar,  are  coated 
with  a  bright  red  deposit.  Some  of  this  fermginons  substance 
appears  under  the  microscope  minutely  pisolitic,  and  the  small 
concretions  are  sometimes  banded  concentrically  like  spherulites. 

Meiainorphie  Bocks.  (1.)  Qneisses,  —  One  specimen  is  a  white 
micaceous  gneiss,  with  small  garnets.  From  the  appearance  of  the 
rock,  Professor  Bonney  has  suggested  that  it  may  possibly  have  been 
once  igneous,  although  there  is  now  an  evident  foliation,  and  the 
gneiss  has  suffered  contortion  since  the  foliation  was  acquired. 

In  a  pale  red  or  flesh-coloured  gneiss,  the  quartz  is  ranged  ia 
streaks  very  suggestive  of  the  action  of  pressure.  The  felspar  is 
mainly  plagioclase,  with  possibly  some  microcline,  and  either  exhibits 
a  kaolinized  condition,  or  seems  to  pass  to  a  clear  mineral  with  lines 
like  the  distinctly  marked  cleavages  of  kyanite,  suggesting  the  possi- 
bility of  the  formation  of  clear  pseudomorphs  similar  to  those  noticed 
by  Prof.  Bonney.*  White  mica  seems  to  have  developed  in  places  at 
the  expense  of  the  felspar. 

A  banded  homblendic  gneiss  contains  hornblende,  which  is  very 
dichroic  and  possibly  of  two  varieties. .  It  is  replaced  in  the  paler 
bands  of  the  rock  by  brown  mica,  associated  with  quartz,  and  also 
with  felspar,  which  may  be  partly  kaolinized  along  certain  of  the 
twinned  laminae.  Small  irregularly  formed  garnets  occur,  salmon- 
pink  in  colour,  within  a  cloud  of  kaolinized  substance  and  associated 
with  flakes  of  biotite,  as  if  they  had  formed  from  original  felspathic 
material  by  the  addition  of  iron  and  magnesia,  while  the  brown  mica 
was  developed  in  connection. 

(2.)  Talc  Schist, — This  specimen  seems  to  have  been  artificially 
cut,  as  if  the  rock  may  be  used  as  a  kind  of  potstone.  Under  the 
microscope,  the  slide  exhibits  an  interfelted  mass  of  talc,  together 
with  a  pale  apple-green  mineral,  which  is  sometimes  very  didiroic, 
and  would  agree  with  prochlorite  in  its  softness.  Some  magnetite 
occurs,  and  a  reddish  iron  glance  in  such  quantity  that  the  section 
has  a  brownish  colour.  The  chlorite  has  much  the  appearance  of  a 
pseudomorphous  formation  after  some  mineral,  very  probably  biotite, 
and  it  helps  to  give  the  orientation  of  the  slide.  The  foliation 
appears  to  have  undergone  subsequent  disturbance,  amounting  to  a 
crumpling  and  even  an  approach  towards  an  '*  ausweichungsclivage."  * 

(3.)  Epidote  Schist  or  Epidosite, — Said  to  occur  near  the  foot  of 
the  hills,  and  it  would  probably  belong  to  some  part  of  the  earlier 
series  of  rocks,  which  form  the  foundation  of  the  higher  ground. 
The  specimen  consists  mainly  of  epidote,  the  quartz  being  probably 
not  more  than  10  per  cent,  of  the  whole  rock.  The  epidote  is 
mostly  granular,  but  some  of  it  is  in  larger  crystals,  which  exhibit 
cleavage.  The  quartz  grains  are  drawn  out  in  the  direction  of  the 
general  orientation  and  sometimes  ranged,  almost  in  single  file,  in 
thin  parallel  bands.     A  few  small  crystals  of  hornblende  occur. 

^  Q.J.G.S.  1878,  Pre-Carb.  Rocks  of  Charnwood,  part  ii.  p.  216,  note. 
'  *'  An  advanced  stage  of  minute  puckering,  some  or  all  of  the  surfaces  of  contrary 
£exure  liaving  become  BVieai-^\ane&.  ^     (^Tealls  PetrograpAv^  p.  424.) 
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(4.)  QuarUite, — This  is  formed  of  very  well  rounded  grains 
mented  by  crystalline  silioa,  and  is  thus  similar  to  the  specimen 
oently  described  by  Professor  Bonney  from  near  Ightham.^  The 
ment  consists  mainly  of  crystals  projecting  oatwards,  and  ranged 

successive  layers,  which  are  separated  by  dusty  lines.  The 
ider  interstices  are  filled  in,  towards  the  interior,  by  clear  chalce- 
»nic  granules,  the  deposit  being  sometimes  completed  in  the  centre 
f  a  brown  opaque  material.  The  grains  of  the  quartzite  are  mostly 
onple,  but  sometimes  composite,  and  they  contain  rutile-like 
)ed]es,  and  lines  of  cavities  with  moving  bubbles.  The  quartz 
ay  appear  very  dirty,  or  it  may  contain  only  few  enclosures,  but 

several  examples  these  cease  along  a  narrow  marginal  zone, 
hich,  therefore,  probably  represents  siliceous  cement  deposited  in 
ystalline  continuity  with  the  original  grains. 
Sedimentary  Bocke,  1.  OriU  and  Sandetonei, — One  specimen  of 
.nd,  which  consists  of  well  rounded  grains,  is  labelled  *'  red  earth 
)ed  for  dyeing."  The  quartz  grains  are  large,  and  are  coated 
ith  ferruginous  deposit,  and  seem  thus  not  unlike  the  red  sands 

the  Arabian  Desert  described  by  Mr.  Phillips.*  Fragments 
hich  are  more  angular  form  the  constituents  of  a  coarse,  claret- 
loured  grit,  and  of  a  very  strong  brown  sandstone,  which  was 
)tained  from  Mount  Eilo,  and  is  probably  the  one  mentioned  as 
litable  for  grindstones.  In  all  the  sands  and  grits,  the  quartz  is 
ore  or  less  coated  with  a  ferruginous  substance,  which  is  not  un- 
equently  a  kind  of  pisolitic  deposit,  similar  to  that  described  in  the 
*anite.  In  some  of  the  specimens  there  are  quartz  pyramids  con- 
K)ted  with  the  grains,  which  recall  the  appearance  of  the  additive 
ystals  figured  'by  Mr.  Phillips.*  Besides  quartz,  the  slides  contain 
agmental  felspar,  often  plagioclase,  also  films  of  brown  mica,  and 
icasionally  a  hornblende  or  tourmaline  fragment  or  a  garnet 
2.  Limestones. — The  lithographic  stones,  as  well  as  other  of  the 
nestones,  have  a  very  compact  character,  as  is  illustrated  also  by 
specimen  from  the  floor  of  Eilo  cave,  "  polished  by  the  passage  of 
limals  over  it"  (1.)  From  Mount  Eilo.  This  pale  buff-coloured 
nestone  is  as  compact  in  character,  but  has  the  appearance  of  a 
isile  structure.  It  is  in  a  partially  crystalline  condition,  but  with 
uch  admixture  of  earthy  material.  This  limestone,  and  some  of 
e  lithographic  stone  with  most  marked  oonchoidal  fracture,  yielded 
ily  slight  traces  of  fossils,  but  in  slides  prepared  from  two  speci- 
ens,  organic  remains  were  well  able  to  be  identified,  although  they 
ore  less  clear  in  one  of  the  two  rocks,  which  appeared  to  have 
idergone  greater  dolomitization.  These  slides,  with  my  conjec- 
res  as  to  the  identification  of  the  fossil  forms,  were  submitted  to 
-of.  Eupert  Jones,  and  the  following  is  a  list  modified  in  accordance 
ith  the  opinion  he  kindly  expressed. 
(2.)  Limestone,  fourteen  miles  south  of  Bulbar.    This  contains 

^  Geol.  Mao.  July,  1888,  Figure  on  p.  299. 
»  Q  J.G.S.  1882,  vol.  xxxviu.  p.  HI. 

3  Q.J.6.S.  1881,  Tol.  xxxvii.    **  On  the  ConBtitation  of  Grits  and  Sandrtonet,*' 
ii.  figs.  1, 2,  3,  6. 
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many  obaoure  Foraminifera,  snob  as  AmpJUiUgina  (?) ;    and  there 
are  also  remains  of  Polyzoa  (?). 

(8.)  Limestone  from  Eilo.  The  slides  of  this  rook  exhibit:— 
Fragments  of  Lamellibrancb  shells,  of  Polyzoa,  of  (?)  a  plate  of  an 
Echinoderm,  and  6orgonia-like  spicules. 

ForamiDifera : — Lagena,  Glohigerina,  Textularia  (oommon),  Fla- 
norhtUina,  fio/a/ta,  ift/tola,  sections  of  specimens  baving  affinities  (?) 
with  MilioHna,  and  rather  Trochammina -like  in  form. 

The  general  facies  of  this  fauna  is  characteristic  of  late  CTretaodoos 
and  of  Tertiary  formations,  but  if  the  forms  doubtfully  identified  tf 
Amphistegina  belong  to  that  genus,  its  occurrence,  fairly  abundant, 
would  rather  suggest  that  the  limestone  may  be  of  Uiooene  age,  and 
thus  possibly  contemporaneous  with  that  of  Soootra.^ 

From  certain  miscellaneous  specimens,  we  may  infer  that  flint  and 
chert,  containing  traces  of  organic  remains,  were  formed  in  connection 
with  the  calcareous  rocks.  The  deposition  of  a  ferruginous  material 
is  everywhere  emphasized  in  sands  and  grits,  in  the  coating  of  laiger 
pebbles,  and  in  irony  concretions,  recalling  the  description  of  a 
neighbouring  locality  where  the  ground  was  said  to  look  as  if  strewn 
with  iron  slag.' 

The  district,  illustrated  by  these  rock  fragments,  is  evidently  one 
in  which  the  foundations  of  the  hills  are  composed  of  gneisses  and 
schists,  which  are  laid  bare  in  the  valleys,  possibly  in  association 
with  granite.  Among  these  rocks,  there  are  evidences  of  the  action 
of  pressure,  and  thus,  in  the  higher  ranges  further  inland,  this 
gneissic  series  may  be  raised  to  a  greater  elevation  and  may  form 
a  larger  part  of  the  mass,  as  in  the  place  where  Sir  F.  Burton  describes 
walls  of  rock  full  of  glittering  mica.'  The  central  massif  would  he 
concealed  beneath  gently  stratified  sedimentary  beds.  Some  of  these 
are  grits  and  sandstones,  which  mark  the  results  of  a  denudation  of 
older  crystalline  rocks,  others  are  limestones,  sometimes  Foraminiferal. 

The  crystalline  series  is  found  to  the  eastward,  as  shown  in  the 
sections  from  Somali  Land  published  by  Dr.  A.  T.  de  Rochebrune^ 
from  notes  brought  back  by  M.  Revoil,  and  still  further  eastward  in 
the  Island  of  Socotra.*  Northward,  similar  rocks  occur  in  Abyssinia^ 
and  Egypt,  and  in  the  peninsula  of  Sinai.  Sandstones  and  limestones 
have  a  similarly  wide  extension,  although  further  evidence  is  needed 
to  fix  the  exact  age  and  correlation  of  these  formations  in  the  Eilo 
district.  Some  of  the  sandstones  seem,  lithologically,  ratber  like  those, 
which  Dr.  Rochebrune  compares  with  the  older  sands  of  Nubia  and 
of  Adigrat;  the  overlying  calcareo-argillaceous  rocks  he  identifies 
by  their  fossils  as  of  Neocomian  age.  Thus  the  rocks,  described  in 
this  note,  vary  in  some  details  from  those  of  neigbbouring  localities, 
yet  bear  out,  on  the  whole,  the  inference  of  Professor  Bonney  as  to 
the  wide  extension  which  has  characterized  former  geological  con- 
ditions in  North-eastern  Africa. 

1  Phil.  Trans.  1883.  «  "First  Footsteps  in  Africa,"  p.  891. 

»  "  First  Footsteps  in  Africa,"  p.  395. 

*  Fauna  et  Flore  des  Pays  CoraaUs,  G.  Kevoil,  1882  (Observ.  G^ol.  Dr.  A.  T. 
de  Rochebrune).  «  Phil.  Trans.  1883. 

'  Geology  and  Zoology  oi  A\)y^\Xiia)'W.  T.  Blanford. 
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VII. — NOTK  OK    EUBTPTBRUS  FBOM  THE   CaKBONIFEBOUS. 

By  Hbxby  Woodward,  LL.D.,  F.R.8.,  V.P.G.S., 
of  the  British  Museum  (Natural  History). 

IN  the  Geolooioal  Magazine  for  November  last  (Decade  III. 
VoL  IV.  p.  481,  PI.  XIIL)  I  gave  a  brief  description  of  a  new 
Bpecies  of  Eurypterua  from  the  Lower  Carboniferous  Shales,  Eskdale, 
Scotland,  which  I  named  Eurypterus  seabrosm. 

I  referred  to  other  Carboniferous  forms,  and  briefly  mentioned  one 
from  the  Lower  productive  Coal-measures,  Darlington,  Pennsylvania, 
U.S. A.,  figured  as  a  woodcut  only  in  the  American  Phil.  Soc.  Proc. 
vol.  xix.  p.  152,  1881. 

I  was  not  aware  at  that  time  that  my  friend  Professor  James  Hall, 
of  Albany,  had  printed  a  "  Note  on  the  EurypteridcB  of  the  Devonian 
and  Carboniferous  Formations  of  Pennsylvania."  [Extracted  from 
Beport  of  Progress  PPP,  Second  Geological  Survey  of  Pennsylvania. 
8vo.  with  six  plates,  Harrisbuig,  1884 ;  printed  in  advance,'] 

Having,  through  the  kindness  of  the  author,  been  favoured  with  a 
copy  of  this  memoir,  I  hasten  to  remedy  the  omission  in  my  paper 
referred  to  above,  and  to  state  that  Professor  James  Hall  has  fully 
described  and  figured  this  Coal-Measure  Eurypterus  from  Darlington 
under  the  name  of  E.  Mansfieldi,  Both  in  the  form  of  its  ap])endages 
and  its  size  E,  scahrosus  is  quite  distinct  from  Hall's  E.  Man$fieldi,  the 
latter  being  not  more  than  nine  inches  in  length,  whereas  the  former 
measured,  when  perfect,  probably  not  less  than  20  inches.  E. 
scabrosus  was,  moreover,  furnished  with  long  and  slender  bluntly- 
spiuose  appendages,  but  in  E.  Mansfieldi  the  palpi  terminated  in 
sharp  recurved  spines,  closely  resembling  the  earlier  U.  Silurian 
forms  both  in  its  palpi  and  swimming-feet. 

Prof.  James  Hall  devotes  24  figures  to  the  illustration  of  this 
species ;  he  also  figures  and  describes  three  others  {E,  patens,  E,  stylus, 
and  E.  Pennsyhanicus)  from  the  same  locality  and  formation  as  E, 
Mansfieldi.  E  stylus  is  a  much  smaller  form,  only  about  half  the 
length  of  the  former.  E,  Pennsyhanicus  is  only  known  by  a  detached 
carapace,  and  E,  patens  by  some  detached  portions.  Professor  James 
Hall  also  adds  an  important  note  on  Eurypterus  (Anthraeoneetes) 
Mazonensis,  Meek  and  Worthen,  from  the  Coal-measures  of  Grundy 
Co.,  Illinois  (see  Amer.  Journ.  Sci.  vol.  46,  p.  21,  1868  :  also 
Geol.  Surv.  of  Illinois,  vol.  iii.  (Geology  and  Palaeontology),  1868, 
p.  544,  woodcut  figure).  This,  as  Hall  very  correctly  points  out,  is 
no  doubt  a  true  Eurypterus,  and  the  slight  differences  pointed  out  by 
Messrs.  Meek  and  Worthen  do  not  seem  to  justify  the  placing  it  in 
a  distinct  genus. 

Prof.  Hall  figures  a  second  specimen  from  Mazon  Creek,  which 
he  believes  to  be  the  actual  counterpart  of  Meek  and  Worthen's 
specimen,  and  points  out  how  closely  it  agrees  in  many  respects  with 
K  Mansfieldi,  the  differences  being  really  only  of  specific  value. 

The  same  author  also  figures  and  describes  a  very  complete  but 
headless  body  of  a  Eurypterus  from  the  Chemung  group  (Upper 
Devonian)  of  Warren,  Pennsylvania  (plate  iii.  p.  30,  op.  cit.),  which 
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he  namflB  E.  Beeekeri.'  From'  the  preaenoe  of  parta  of  two  long 
slender,  ridged,  non-spinoM  appendages  assooiated  with  the  body  ia 
the  position  which  would  have  been  oooopied  by  the  swimmbg-feet, 
I  am  led  to  aurmiBe  that  this  may  posaibly  prove  to  belong  to  tbe 
genua  Stylonm-vi ;  bnt  I  offer  this  saggestion  with  extreme  oantioii 
and  reserve,  well  knowing  the  great  oare  and  vast  experienoe  of 
Prof.  Jainm  Hall  in  dealing  with  this  group  of  ancient  Merostomatoni 
Gnutaoea. 


Before  concluding  this  note,  I  desire  to  call  attention  to  a  'KTJ 
interesting  discovery  made  by  Mr.  Edward  Wilson,  F.G.S.,  of  tli» 
Bristol  Museum,  of  a  part  of  the  body  of  a  Euryplenu  (see  woodcut) 
from  the  true  Coal-measurea  at  Ludlow's  Fit,  Badstock,  Somerset 

The  specimen  consista  of  the  first  six  body-segments  only,  following 
immediately  behind  the  head :  they  measure  together  fi3|  millimbtitt 
in  length  by  52  mm.  in  greatest  breadth.  The  first  segment,  as  ii 
constantly  the  case,  ia  shorter  than  any  of  the  others,  being  onlj 
4^  mm.  deep;  the  2nd  is  8  mm. ;  the  3rd  11  mm. ;  the  4th,  5th, and 
6m  are  each  10  mm.  deep.  The  first  segment  is  nearly  straight  and 
42 J  mm.  broad ;  the  eegmenta  gradually  become  more  arched,  and 
increase  in  breadth  slightly  to  the  4th,  which  is  62  mm.  broad; 
contracting  slightly  to  the  Gth  aegment,  which  is  47J  mm.  brosi 
The  1st,  2od,  and  3rd  aegmenle  have  their  lateral  borders  nearly 
straight,  but  the  4th,  5th,  and  Gth  are  rather  more  expanded  and  tha 
posterior  angles  are  produced  and  rather  more  pointed.  The  aorfsM 
of  each  segment  is  marked  by  squame9  which  are  extremely  numenHiB 
and  very  minute  along  the  anterior  border  of  each  segment,  bat  near 

I  Bee  also  Natural  HiBtory  of  Kew  York,  Pfllieontology,  Tol.  vii.,  by  Jimei  Hil 
(irith  tupplemeat  to  lol.  i.^aAii?),  Yti^j-^V  12.111.  fi^.  6,  i;.  166  (jnit  reeuTe^- 
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the  centre  and  at  the  lateral  angles  these  scale-markings  become 
much  larger,  more  acutely  pointed  in  shape,  and  more  irregularly 
distributed. 

These  scale-markings  agree  exactly  with  those  of  Eurypterus 
Mansfieldi  (Hall),  as  represented  by  Prof.  Hall  on  an  enlarged  scale 
(see  plate  v.  fig.  6,  op.  cit.  p.  88),  but  the  margins  of  the  segments 
of  the  Kadstock  specimen  are  hardly  so  pointed  at  their  latere- 
posterior  angles  as  the  American  species  above  quoted.  The  pro- 
portions are  about  equal  to  the  largest  example  recorded  by  Prof. 
Hall. 

In  the  absence  of  the  rest  of  the  organism,  it  would  be  premature 
to  speak  confidently ;  but,  as  it  will  probably  prove  to  be  a  distinct 
British  species,  but  near  to  E,  Mansfieldi  of  Hall,  I  would  propose 
to  name  it  provisionally  Eurypienu  Wilsoni,  after  its  discoverer. 


Caubbian  Fauna  in  Estland. 

Ueber  bine  nbuentdeoktb  unteboambbisohe  Fauna  in  Estland. 
Von  F.  SoHMiDT.  Mit  zwei  Tafeln.  (Mem.  de  TAcad.  des  Sciences 
St-Petersbourg,  vii*  serie,  tome  86,  1888,  pp.  1-28,  pis.  i.  ii.) 

HITHERTO  the  Cambrian  strata  of  the  Eussian  Baltic  provinces 
have  proved  so  exceedingly  poor  in  fossils,  that  it  has  not 
been  possible  to  make  a  satisfactory  comparison  between  them  and 
the  relative  beds  in  Sweden  and  elsewhere.  Below  the  Dictyonema 
shales,  which  are  analogous  to  the  beds  of  the  same  name  in  Norway 
and  Sweden,  there  occurs  the  Ungtditen  or  Oholus  sandstones ;  and 
beneath  these  are  beds  of  blue  clay  with  subordinate  layers  of  sand- 
stone, which  rest  upon  Finland  granite,  and  have  been  proved  by 
borings  to  reach  600  feet  in  thickness.  The  upper  portions  of  the 
blue  clay  series  in  Estland  were  regarded  by  Linnarsson  in  1872  as 
equivalent  to  the  Eophyton  sandstone  of  Sweden,  and  the  main  mass 
of  the  Ungtditen  sandstone  as  representing  the  Fucoid  sandstone  of 
the  same  country ;  but  at  that  time  no  fossils  were  known  which 
could  substantiate  these  views.  Lately,  however,  thanks  to  the 
persevering  efforts  of  M.  Mickwitz,  an  engineer  of  Eeval,  the  frag- 
mentary remains  of  a  characteristic  fauna  have  been  discovered  in 
the  upper  beds  of  the  blue  clay  series  at  Heval  and  the  neighbour- 
hood, which  fully  confirm  Linnarsson's  opinions.  The  fossils 
which  have  been  carefully  described  and  figured  by  F.  Schmidt  in 
the  present  paper  are  Olenellus  Mickmizi,  n.sp.,  Seenella  disdnoidesy 
n.sp.,  S.*^ iuherculata,  n.8p.,  Mickwitizia  (Oboltis^)  moniliferaf  Linnars* 
sp.,  Obolella  (?)  sp.,  Discina  (?)  sp.,  Volborthella  tenuis,  n.  gen.  et  sp.9 
Platysolenites  antiqvissimus,  Eichw.  B]^,,Medusiies  l4fkb<n»flit,IiiilUMl 
sp.,  Frimiiia  ?,  Cruziana,  and  Frana  tenella,  Linnars. 

The  Olenellus  Mickwitzi  comes  in  at  a  lower  stage  than 
Kjerulfi,  and  is  thus  the  oldest  Trilobite  known  in  ~ 
occurrence  at  this  horizon  confiims  the  views  of  LinnantOil^, 
and  Brcigger,  that  the  Olenellus  zone  is  distinctly  older  thM.; 
Faradoxides. 


;^'- 
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The  following  table  is  given  by  the  author  to  show  the  eqaivalenti 

of  the  Cambrian  strata  of  the  Baltic  provinces  with  those  of  Norway 

and  Sweden. 

SwBDSir. 
DiisfyofMifia-Bhale 


Baltic. 
7)t«/y<m«fMa-shale 
ITnyw/t^M-sand 


0/(MM-zone 


NOBWAT. 


O/iffnw-zone 


Sparagmit-fita^ 


It 


PofMCMPtdlM-zone  PoradbxuCM^zone 

02iN«i/M«*zone. 
Zone  of  0.  Kjtrulfi  Zone  of  O.  Ejeruffi.^Wi 

Fncoid-sand  Fucoid-Bandstone. 

Zone  of  OUn,  Miehoitti      JSiypAyton-sandstone 
Blue  Clay 
Lower  Sandstone 

Fr.  Schmidt  thinks  that  the  Baltic  OleneUuB  zone  is  equivalent  to 

the  lower  part  of  the  St.  John's  group  in  North  America,  and  to  the 

lowest  stages  of  our  Harlech  and  Longmynd  groups,  in  which  no 

Trilobites  have  as  yet  been  found,  whOst  the  Dictyonema  shales  and 

the  UnguUten  sand  may  be  paralleled  with  the  Lingula  Flags. 


I^  E  V  I  DB3  -W"  S. 


I. — M.  Chablbs  Bhongniabt  ok  Plsuracanthus.^ 

THE  precise  characters  of  the  extinct  cartilaginous  fishes,  whose 
detached  teeth  and  spines  have  long  been  known  under 
provisional  names,  are  now  becoming  gradually  revealed  through 
the  progress  of  research;  and  no  more  interesting  and  important 
discovery  has  been  made  of  late  than  that  of  the  complete  trunk  of 
PI eur acanthus,  described  last  April  by  M.  Charles  Brongniart,  of  the 
Paris  Museum  of  Natural  History.  Through  the  kindness  of  M. 
Brongniart  we  are  enabled  to  present  the  accompanying  woodcnt, 
which  is  a  restoration  of  the  skeleton  of  the  fish,  based  upon  no 
less  than  twenty-three  examples  of  a  new  species  (Pleuracanthus 
Gaudryi),  from  the  Coal-measures  of  Commentry,  Allier,  France. 
The  known  individuals  vary  in  length  from  0*45  m.  to  1  m.,  pre- 
sumably owing  only  to  their  differences  in  age;  the  skeleton  is 
always  well  displayed,  being  calcified  as  in  Selachians,  while  the 
skin  is  destitute  of  shagreen.  The  body  is  elongate  in  form,  and 
the  snout  obtuse.  The  notochord  is  persistent,  and  the  bases  of  the 
neural  and  hsamal  arches  expanded ;  the  slender  neural  spines 
bifurcate  distally  in  the  greater  part  of  the  abdominal,  and  the 
anterior  half  of  the  caudal,  region.  The  pectoral  fin,  as  already 
pointed  out  by  Goldfuss  and  Anton  Fritsch,  is  a  biserial  archiptery- 
gium ;  and  each  of  the  pelvic  fins  in  the  male  is  provided  with 
a  robust  clasper,  as  in  Chimseroids  and  Selachians.  The  barhed 
spine  is  placed  upon  the  head,  and  forms  the  anterior  border  of  a 
small  ''cephalic"  fin;  and  a  long  dorsal  fin   commences  almost 

*  **  Sur  nn  nouveau  Foisson  fossile  du  terrain  houiller  de  Commentry  (Allier)," 
Comptes  AendoB,  April  23Td,  IS&S. 
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immediately  behind,  Bharplj  separated  from  the  upper  half  of  tiie 
elongated  diphyeeroal  oaudal,  to  the  oommeDcement  of  which  it 
extends.  But  most  singular  and  novel  are  the  two  small  repre- 
sentatives of  the  anal  fin,  which  are  "  placed  one  behind  the  other 
and  have  the  appearance  of  true  limbs.  Narrow  at  their  base,  they 
enlarge  mesially,  and  then  become  contracted.  Their  skeletal 
framework  is  almost  identioaL  The  hsdmapophyses  supporting 
them  are  truncated  instead  of  ending  in  a  point.  The  first  two 
hsBmapophyses  bear  very  slender  interspinous  elements  which  are 
in  connection  each  with  a  fin-ray.  The  Uiird  is  larger,  broad  at  its 
extremities,  supporting  distally  a  shorter  broader  ossicle.  From 
this  are  detached,  above  a  ray,  and  below  two  short  ossicles,  of 
which  the  first  supports  an  ossicle  and  fin-ray,  and  the  second  two 
ossicles  and  two  fin-rays.  We  find  nothing  comparable  in  nature, 
fossil  or  recent"  It  may  also  be  added  that  Dr.  Anton  Fritsch 
will  be  able  to  make  known  interesting  confirmatory — perhaps 
supplementary— evidence  upon  these  points,  when  the  Bohemian 
Pieuraoanths  are  described,  the  writer  of  the  present  notice  having 
been  favoured  with  an  inspection  of  beautiful  examples  in  Prague. 

The  completed  memoir  on  this  important  discovery  has  yet  to 
appear,  but  M.  Brongniart  remarks,  at  the  conclusion  of  the  pre- 
liminary note,  that,  as  the  result  of  his  studies,  Pletiracanthua  must 
be  regarded  as  representing  at  least  a  distinct  order,  perhaps  a  sub-class, 
the  ''  Pleuracanthides," — ''  a  group  ancestral  to,  and  connecting,  the 
Dog-fishes,  Cestraoionts,  Bays,  Chimeras,  Sturgeons,  and  Ceratcdui,** 
It  is  to  be  hoped,  however,  that  before  proposing  any  new  term,  the 
author  will  consider  in  more  detail  the  conclusions  of  previous 
workers  in  the  same  direction.  Prof.  Ck)pe  has  already  placed  a 
member  of  the  group  in  a  distinct  order,  the  "  Ichthyotomi," 
equivalent  in  value  to  the  order  of  Selacbii;  and  although  Mr. 
Oarman  remarks,  apparently  with  much  reason,  that  the  definition 
originally  proposed  (relating  to  so-called  distinct  traces  of  ossification 
in  the  chondrocranium)  is  very  doubtfully  accurate,  all  recent 
researches  have  tended  towards  as  complete  an  isolation  of  the 
FleuracanthtiS'like  fishes  as  now  seems  inevitable.  Dr.  Traquair's 
description  of  the  genus  Chondrenchelys,  with  the  appearance  of  a 
splint-like  bone  (?para8pheDoid)  upon  the  chondrocranium,  and  with 
complete  broad  vertebral  rings  in  the  caudal  region,  wUl  likewise 
require  consideration  ;  and  the  same  author's  discovery  of  a  uniserial 
archipterygial  pectoral  fin  in  Cladodm  seems  to  the  writer  of  this 
notice  to  place  that  much-discussed  genus  also  in  the  great 
Pleuracanth  order.  The  archipterygial  character  of  the  pectoral  fin 
will  certainly  become  one  point  in  the  broad  diagnosis  of  the  group, 
although,  it  must  be  admitted,  a  few  Selacbii  (eg.  Squatina)  exhibit 
some  faint  approach  to  that  condition ;  and  it  cannot  be  said  that  the 
torm  of  the  teeth  will  count  of  much  value,  for  the  depressed  and 
posteriorly  expanded  character  of  the  base  in  the  teeth  of  Cladodu 
is  precisely  paralleled  in  some  Notidanidae  and  undoubted  Hybodonts, 
which  are  true  Selacbii.  It  has  hitherto  been  too  much  the  custom 
to  regard   every  ancient  fish,  destitute  of  membrane   bones  and 
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possessing  dermal  struotures  of  Yascolar  dentine,  as  a  member  of  the 
Selachian  order ;  and  the  results  of  M.  Brongniart's  researches  npon 
the  exquisite  examples  of  Fleuracanthus  Oattdryi  will  be  anxiously 
awaited,  on  account  of  the  valuable  new  light  tiiey  are  destined  to 
shed  upon  such  questions. 

A.  Smith  Woodward. 


IL — CoNTBiBTTTiONS  TO  THE  Paljeontolooy  OF  Bbazil  ;  Comprising 
Descriptions  of  Cretaceous  Invertebrate  Fossils,  mainly  from  the 
Provinces  of  Sergipe,  Pemambuoo,  Para,  and  Bahia.  By 
Charles  A.  White.  With  Portuguese  Translation  by  Obvills 
A.  Derby.  4to.  pp.  273,  and  28  Plates.  (Extracted  from  vol. 
vii.  of  Archives,  do  Museo  Nacional  do  Bio  de  Janeiro.) 

THE  fossils  described  by  Dr.  White  were  collected  some  years 
since  by  the  Brazilian  Geological  Survey  under  the  direction 
of  the  late  Professor  Hartt,  from  low-lying  rooks  of  sandstone, 
limestone,  and  shale,  occurring  in  several  disconnected  areas 
bordering  the  Brazilian  coast,  from  the  mouth  of  the  Amazon 
southwards.  These  rock-basins  are  open  towards  the  sea,  but  land- 
wards are  bounded  by  higher  ridges  of  crystalline,  and  probably 
Paladozoio,  strata.  Some  of  the  deposits  in  the  neighbourhood  of 
Bahia  are  of  freshwater  origin.  Both  marine  and  freshwater  beds 
are  referred  by  Dr.  White  to  a  Cretaceous  age,  since  the  majority  of 
the  typical  fossils  from  them  are  characteristic  of  this  period,  and 
some  are  identical  with  undisputed  Cretaceous  fossils  of  other 
regions.  But  with  these  fossils  occur  others  of  a  distinct  Jurassic 
aspect,  though  not  specifically  identical  with  any  known  Jurassic 
species,  and,  again,  these  are  mingled  with  Gasteropods  belonging 
to  Fusus,  Murex,  Phorus,  etc.,  which,  if  occurring  alone,  would  have 
been  referred  to  the  Tertiary  period.  Judging  by  the  Mollusca,  the 
author  finds  this  Brazilian  fauna  more  nearly  related  to  the 
Cretaceous  fauna  of  Southern  India  than  to  any  other  yet  known, 
and  next  after  this,  it  approaches  the  fauna  of  the  Gt)sau  beds  in  the 
Tyrol.  The  freshwater  Mollusca  from  the  Bahia  beds  are  likewise 
peculiar,  since  the  species  (of  which  11  are  described)  belong  to 
recent  types. 

There  are  82  species  of  Conchifera  (Lamellibranchiata)  described, 
most  of  them  new ;  the  best  represented  families  are  the  Ostrseidse, 
Limidse,  Pteriidse,  Arcidse,  Crassatellidsd,  Cardiidsd,  and  Anatinidse. 
Of  Gasteropoda,  91  species  have  been  determined,  77  of  which  are 
regarded  as  new  ;  the  NaticidsB,  Cerithiidsd,  and  Fasciolariidsd  are 
the  most  numerously  represented  families.  A  single  new  species  of 
Polyzoa,  Luntdites  piUolus,  closely  resembles  the  X.  annulata,  Stol., 
from  the  Cretaceous  of  Southern  India.  There  are  13  species  of 
Cephalopoda,  which,  with  the  exception  of  a  form  of  Eelicoceras  and 
one  of  NautiluSf  belong  to  the  AmmonitidsB.  Fourteen  species  of 
Echinoderms  are  described,  with  one  exception  they  are  regarded 
as  new. 

All  the  new  species,  and  some  others  as  well,  are  carefully 
illustrated    in    the  accompanying    plates,  and    a    good    index    is 
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appended.  It  may  also  be  mentioned  that  the  author  g^ves,  at  tba 
beginning  of  the  work,  a  bibliographical  liat  of  publications  on  the 
invertebrate  Mesozoic  fossils  of  South  America.  The  list  only 
includes  24  titles,  and  thus  indicates  the  slight  amount  of  work 
which  has  hitherto  been  done  on  this  group  of  fossils  within  the 
bounds  of  this  continent  We  note  one  omission ;  that  of  a  short 
paper  by  Prof.  E.  Forbes  on  the  Secondary  fossil  shells  from  Sooth 
America,  given  as  an  appendix  to  Part  II.  of  Darwin*8  "  G^logical 
Observations."  

III. — Alloemsike  Geologie,  von  Dr.  Earl  y.  Fritsoh,  Professor 
an  der  Universitat  in  Halle.  Mit  102  Abbildungen.  Biblio- 
thek  Q^ographischer  Handbiicher.  Herausgegeben  von  Prof. 
Dr.  Friedriob  Ratzbl.  (8vo.  pp.  500.)  Stuttgart,  Engelhom, 
1888. 

IN  Germany,  not  less  than  in  England,  new  manuals  of  Oeology, 
and  new  editions  of  old  ones,  appear  with  a  frequency  which 
indicates  a  considerable  amount  of  interest,  both  on  the  part  of 
students  and  of  the  public  generally  in  the  science  of  which  they 
treat.  The  present  volume  by  Prof,  von  Fritsch  is  brought  out  as  one 
of  a  series  of  Geographical  handbooks,  and  there  can  be  no  doabt 
of  the  importance  of  a  thorough  acquaintance  with  the  facts  and 
principles  of  geology  to  any  one  who  aims  at  a  real  knowledge  of 
geography.  This  book  seems  to  be  well  adapted  for  its  purpose ; 
though  necessarily  it  covers  the  same  ground  as  other  manuals  of 
the  science,  the  subject  is  treated  from  an  independent  point  of  view, 
and  the  author  may  justly  claim  that  it  is  not  a  mere  compilation, 
but  has  been  based  on  his  own  study  and  observation  of  the 
facts.  The  following  is  the  arrangement  adopted  in  the  work  :— 
I.  Geophy Biography  ;  II.  Geotectonic  or  Stratigraphy ;  III.  Geo- 
chemie  or  Chemical  Geology,  including  Petrography  and  Litholopy; 
IV.  Geomechanic  or  Physical  Geology ;  and  V.  G^ogenie  or  His- 
torical Geology.  The  facts  and  deductions  relating  to  each  of  these 
divisions  are  stated  very  clearly  and  concisely,  and  the  work  may  be 
commended,  not  merely  to  beginners,  but  to  students  of  Geology 
generally.  G.  J.  H. 

IV. — Salt-Range  Fossils.  By  William  Waagen,  Ph.D.,  F.G.S. 
I.  Productus-Limestone  Fossils :  6.  Coelenterata,  Memoirs  of 
the  Geological  Survey  of  India,  1886,  pp.  835-924,  plates  xcvii.- 
cxvi. 

IN  this  elaborate  memoir  the  Corals  of  the  Carboniferous  Lime- 
stone of  the  Salt-Kange  of  the  Punjab  are  described  in  detail, 
and  illustrated  on  a  scale  which  might  give  rise  to  the  envy  of 
non-official  palseontologists,  who  have  to  be  content  with  figures  of 
much  humbler  proportions.  These  Corals  are,  for  the  most  part, 
of  the  same  general  characters  as  those  of  the  Devonian  and  Carbon- 
iferous strata  of  this  country  and  North  America.  They  belong  to 
the  genera  Arapora,  Pachyporay  Michelinia,  Monotrypay  Orbtpara, 
OtmUMa^  Stenopora,  Lofudaleiat   AmplexuLS,  Hexagonella^  Dyhow* 
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$hieUaf  and  Fiatulipora,  Of  these,  Oeiniizella,  Hexagonella,  and 
DyhowakieUa  are  proposed  as  new,  but  their  characters  are  so  similar 
to  those  of  Stenopora,  Evaetinopora,  and  Fiattdipora  respectively, 
that  the  author  might  well  have  spared  the  introduction  of  the  new 
names.  A  very  important  feature  in  the  description  of  these  Corals 
is  the  way  in  which  their  minute  structures  have  been  investigated 
by  means  of  microscopic  sections,  of  which  several  hundreds  were 
prepared  by  Mr.  Wentzel,  the  colleague  of  Prof.  Waagen  in  the 
authorship  of  this  memoir.  A  comparison  of  the  beautiful  figures 
given  of  these  sections,  with  those  of  nearly  allied  forms  which  have 
appeared  in  the  papers  of  Prof.  Nicholson  and  Mr.  Foord,  fully 
shows  the  value  and  absolute  necessity  of  basing  the  determination 
of  these  and  other  Corals  on  their  minute  structural  characters.  In 
the  interpretation  of  some  of  these  minute  structures,  the  authors 
of  this  memoir  di£fer  considerably  from  Prof.  Nicholson ;  but  we  are 
inclined  to  think  that,  as  regards  the  nature  of  the  wall  in  the  axial 
corallites,  the  view  of  Prof.  Nicholson,  that  it  is  really  double,  better 
accords  with  the  facts,  than  the  explanation  that  it  is  single,  and 
that  fracture  really  takes  place  between  it  and  the  subsequently 
deposited  layers  of  stereoplasm.  Further,  the  evidence  seems 
insufficient  to  establish  the  statement  that  the  spinous  structures 
in  many  of  the  Monticuliporidce,  the  Acanthopores  of  Nicholson, 
are  merely  the  young  stages  of  the  ordinary  corallites.  Other  points, 
on  which  somewhat  dogmatic  opinions  are  given,  are  likewise  open 
to  criticism ;  but  we  must  content  ourselves  with  an  expression  of 
satisfaction  that  these  organisms  have  been  so  thoroughly  and 
carefully  investigated  and  described;  so  that  this  memoir  is  a 
refreshing  contrast  to  some  of  the  earlier  publications  of  the  Indian 
Survey,  in  which  the  superficial  features  of  the  Corals  merely  have 
been  noticed.  A  tabular  statement  of  the  species  described  in  the 
memoir  would  have  increased  its  value  and  convenience  for  reference. 

G.  J.  H, 


THE  ATMOSPHEBE  OF  THE  CABBONIFEEOUS  PERIOD. 

Sib, — May  I  be  permitted  one  word  on  a  question  which  has  been 
raised  as  to  the  greater  prevalence  of  carbonic  acid  in  the  atmosphere 
of  this  earth  in  the  Carboniferous  Period  than  at  later  periods,  if 
only  to  suggest  that  Prof.  Prestwich  and  his  critic  seem  to  be  arguing 
at  cross-purposes  ?  There  is  no  reason  why  both  statements  should 
not  be  true.  The  real  question  would  then  be,  as  to  what  would 
constitute  '*  an  excess  of  carbonic  acid."  There  is  some  confusion 
of  thought  as  regards  such  two  essentially  different  physiological 
functions  of  plant-life  and  growth  as  respiration  and  assimilation  of 
carbon,  lliis  is  hardly  excusable  when  we  need  go  no  farther  than 
the  most  trustworthy  elementary  books  (such  as  those  in  the  London 
series),  to  be  informed  of  the  essential  difference  of  these  two 
processes,  and  of  necessity  of  free  oxygen  for  the  activity  of  proto- 
plasm in  the  plant  and  animal  alike.    On  general  grounds  therefore 
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we  should  expeot  that  a  moderate  increase  (beyond  the  meie  four 
parts  in  10,000  of  our  present  atmosphere)  of  the  food-stuff  (oarbonio 
aoid)  of  plants  would  be  favourable  to  more  rapid  production  of 
vegetable  tissue ;  and  on  the  same  grounds  we  should  equally  expect 
that  such  an  increase  of  the  same  gas,  as  to  practically  asphyxiate 
plants,  would  be  fatal  to  them.  But  between  the  two  limits  there 
is  ample  room  for  Prof.  Prestwich's  hypotheeis,  which  is  probably 
well  founded. 

Why  not  experiment  on  the  question  ?    It  is  easy  enough. 

Sachs  (Lehrb.  d,  Botanik,  p.  692)  states  that  "experiments  on 
plants  (Yegetationsversuche)  show  that  growth  and  the  changes  of 
material  necessarily  associated  therewith  only  take  place  in  the 
tissues  (of  plants)  so  long  as  free  oxygen  has  access  to  them :  iu 
the  absence  of  free  oxygen  (in  einer  saiierstofffreien  Atmosphare)  no 
gprowth  takes  place ;  and  if  plants  remain  a  longer  time  in  such  an. 
atmosphere  they  die." 

If,   however,  the  percentage   of   carbonic  acid  in  the  present 

atmosphere  were  multiplied,  say  100-fold,  its  volume  would  still  be 

less  than  one-fifth  that  of  the  free  oxygen  present     This  we  should 

scarcely   expect  to  reach   the  asphyxiation-proportion   for  plants. 

The  above  quotation  is  from  the  Leipzig  edition  (1874)  of  Sachs* 

great  work.     It  is  probable  that  in  the  recent  new  edition  mnoh 

fuller  information  is  to  be  found. 

Wbllinoton  Collbob,  Bb&jls.  a.  Ibvoo. 

4/A  May,  1888. 


PROF.    HENRY    CARVILL    LEWIS,    M.A.,    F.G.S. 

Born  November  16th,  1863;   Died  July  21st,  1888. 

Amongst  the  many  and  varied  ties  which  serve  to  bind  America 
and  England  together  in  friendly  union,  there  are  probably  none 
more  sincere  and  reciprocal  than  those  which  subsist  between  the 
scientific  men  of  the  two  countries. 

As  Englishmen  we  take  the  warmest  interest  in  the  grand 
development  of  that  wonderful  country  **  on  the  other  side,"  and  the 
Hearty  reception  given  to  our  American  cousins  here  is  returned 
with  equal  or  even  greater  warmth  by  them,  whenever  we  visit  the 
New  World. 

It  is  doubtless  owing  to  their  greater  energy  and  enterprise  that 
Americans  are  by  far  the  more  frequent  visitors  to  our  shores  than 
are  we  to  theirs.  This  is  no  doubt  largely  due  to  the  historical 
attractions  which  an  old  country  always  offers  to  a  new  one,  and 
also  the  desire  to  compare  our  scientific  work  and  institutions  with 
their  own. 

No  one  amongst  the  many  young  scientific  Americans  of  note  has 
more  earnestly  cultivated  English  and  European  methods  of  research, 
or  has  worked  with  greater  enthusiasm  to  carry  his  geological 
investigations  from  North  America  into  Britain,  than  the  subject  of 
this  biief  memoir,   Professor  Carvill  Lewis.      H.  C.  Lewis  was 
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bom  in  Philadelphia,  November  16th,  1853,  being  the  son  of  Mr. 
F.  Mortimer  Lewis  and  Emma  Halme  (Carvill)  Lewis,  of  that  city. 
At  the  age  of  20  he  gradaated  B.A.  with  first  honours  in  Olassios 
at  the  University  of  Pennsylvania,  taking  his  M.A.  degree  in  1876. 
He  took  a  post-graduate  course  of  three  years  in  Natural  Science, 
and  between  1879  and  1884  he  served  as  a  volunteer  on  the  staff  of 
the  Geological  Survey  of  Pennsylvania;  investigating  at  first  the 
surfaoe-geology  of  Southern  Pennsylvania,  and  afterwards  the  Glacial 
phenomena  of  the  Northern  part  of  that  State.  Here  he  succesfully 
traced  the  great  terminal  moraine  of  the  North  American  Ice-sheet 
from  New  Jersey  to  the  frontier  of  Ohio.  During  this  period  he 
contributed  a  number  of  papers  to  the  Academy  of  Natural  Sciences 
of  Philadelphia  upon  the  mineralogy  and  geology  of  Pennsylvania. 

In  1880  he  was  elected  Professor  of  Mineralogy  in  the  Academy 
of  Natural  Sciences,  Philadelphia,  and  in  1883  he  was  appointed 
Professor  of  Geology  in  Haverford  College,  Pennsylvania,  U.S. 

In  1882  Prof.  Carvill  Lewis  married  Miss  Julia  C.  Foulke,  daughter 
of  the  late  Mr.  W.  Parker  Foulke  of  Philadelphia,  a  man  of  varied 
attainments  and  wide  scientific  interests. 

Between  1885  and  1888  he  was  engaged  in  studies  and  original 
investigations  in  Europe ;  the  winters  being  spent  in  Heidelberg, 
where  he  worked  at  microscopic  petrology  and  crystallography, 
under  the  guidance  of  Prof.  Kosenbusch,  and  the  summers  in  the 
field  tracing  out  the  difficult  and  complex  problems  connected  with 
the  Glacial  Epoch  in  Great  Britain  and  on  the  Continent 

Here  be  had  completed  a  map  of  the  ancient  glaciers  and  ice-sheets 
of  England,  Wales  and  Ireland,  which  was  exhibited  and  discussed 
at  the  British  Association,  Birmingham,  1886 ;  Manchester,  1887 ; 
and  elsewhere. 

He  had  also  commenced  similar  studies  in  Switzerland  and  North 
Germany.  These,  however,  were  interrupted  by  a  visit  to  America, 
where  he  contracted  typhoid  fever,  which  developed  in  a  sudden 
and  alarming  manner  immediately  on  his  return  to  England,  and 
terminated  fatally  on  July  21st,  at  Manchester. 

Prof.  Carvill  Lewis  was  a  Fellow  of  the  Geological  Society  of 
London ;  of  the  Geological  Society  of  Germany ;  a  Member  of  the 
American  Philosophical  Society ;  of  the  Academy  of  Natural  Sciences 
of  Philadelphia ;  the  Franklin  Institute ;  the  American  Association ; 
a  Corresponding  Member  of  the  British  Association ;  and  a  Member 
of  the  Geological  Society  of  LiverpooL 

It  is  always  sad  to  see  a  bright  young  life  suddenly  cut  short  in 
early  manhood,  but  it  is  more  especially  so  when,  as  in  the  case  of 
Prof.  Carvill  Lewis,  such  good  work  had  been  already  done,  and  we 
had  abundant  promise  of  a  splendid  future  scientific  career. 

Over  and  above  all  this  Prof.  Lewis  had  such  a  happy,  bright  and 
genial  manner,  that  he  readily  won  for  himself  the  warm  regard  of  a 
very  wide  circle  of  friends,  whilst  among  men  of  science  he  seemed 
to  give  sure  promise  of  a  long  life  of  solid  and  valuable  work. 
His  loss  will  be  keenly  felt  both  in  America  and  Europe^  not  onlv 
amongst  geologists,  but  men  of  science  generally. 
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The  following  are  amongst  his  more  important  papers  : — 

"  On  Pbiladelphite,  a  new  Mineral  Species."    (Proc.  Acad.  Nat.  ScL  Fliiladelphta,  1879.) 
"The  Optical  Characters  of  some  Micas."     (Proc  Acad.  Nat.  Sd.  Pluladelphia,  x68o, 

5 p.  244-251.) 
eropbvUite,  a  new  Mineral."    (Proc.  Acad.  Nat.  Sci.  Philadelphia,  x88o,  pp.  254-255.) 
**  The  Surface  Geology  of  Philadelphia  and  its  vicinity."    (Joorn.  Franklin  Institnte,  ittj.) 

(Proc.  Acad.  Nat.  Sci.  Philadelphia,  1880,  pp.  t58-27a.) 
"  The  Trenton  Gravel  and  its  relation  to  the  Antiquity  of  Man."     (Proc.  Acad.  Nat.  Sd. 

Philadelphia,  1880,  pp.  296-309.) 
'*The  Iron-ores  and  Lignites  of  Montgomery  Co.  Valley."    (Proc  Acad.  Nat.  So.  P1ul&> 

delphia,  x88o,  pp.  282-291.] 
•*  A  New  Fucoidal  Plant  from  the  Trias.'*    (Proc.  Acad.  Nat.  Sci.  Philadelphia,  1880,  pp. 

293-294.  j 
"  Some  Enclosures  in  Muscovite."    (Proc.  Acad.  Nat.  Sci.  Philadelphia,  x88s,  pp.  3x1-315.) 
"An  American  Locality  for  Helvite."    (Proc.  Acad.  Nat.  Sci.  Philadelphia,  1882,  pp.  xoo- 

X02.) 
**  Pseudomorphs  of  Serpentine  after  Dolomite."    (Proc.  Acad.  Nat.  Sci.  Philadelphia,  z88t, 

PP.j6-38.) 
"The  Great   Terminal    Moraine  across  Pennsylvania."     (Proc.  Amer.  Assoc.  Adv.  Sd. 

Montreal,  i9i2.- Scimce,  1883,  vol.  ii.  pp.  163-167.) 
"  On  a  Supposed  Human  Implement  from  the  Gravel  at  Philadelphia.'*     (Proc.  Acad.  Nat 

Sci.  Philadelphia,  1883,  pp.  40*43.) 
"  Phosphorescent  Variety  ot  Limestone."     (Proc.  Acad.  Nat.  Sci.  Fhiladelpia,  1884,  pp. 

pp.  IO-I2.) 

"  Report  on  the  Great  Terminal  Moraine  across  South-Eastem  Pennsylvania  and  Westera 

New  York,  1884,  pp.  299,  maps,  sections,  and  photograhs. 
*'  On  Supposed  Glaciation  in  Pennsylvania  South  of  the  Terminal  Moraine.*'    (Amer.  Joora. 

Sci.  1884,  vol.  xxxiii.  pp.  276-288.) 
"  Ervthrite,  Genthite  and  Cuprite  from  near  Philadelphia.**    (Proc.  Acad.  Nat.  Sd.  Fhila* 

delphia,  1885,  pp.  120-122.) 
"Marginal  Kames."    (Proc.  Acad.  Nat.  Sci.  Philadelphia,  1885,  pp.  X57-I75«) 
"  A  Great  Trap  Dyke  across  South-Eastem  Pennsylvania."    (Proc.  Am.  Phil.  Soc.  1885,  pp. 

438-456.) 
"  Comparative  Studies  upon  the  Glaciation  of  North  America,  Great  Britain,  and  Ireland.*' 

(GsoL.  Mac.  1887,  Ser.  III.  Vol.  IV.  pp.  28-32.)    British  Assoc.  Reports,  Birminghan, 

x886. 
" On  a  Diamantiferous  Peridotite  '*  and  "The  Genesis  of  the  Diamond.**     (Brit.  Assoc.  R^ 

Birmingham,  1886.)    (Gbol.  Mac.  Ser.  III.  Vol.  IV.  1887,  pp.  22-24.)    (Science^  vol.  viiL 

1886,  pp.  345-347-) 
"The  Terminal  Moraines  of  the  Great  Glaciers  of  England."    (British  Assoc.  Reports, 

Manchester,  1887.)    (Amer.  Journal  Science,  1887,  ser.  iii.  vol.  34,  p.  402.) 
"  On  some  eztra-Morainic  Lakes  in   England,  North  America,  and  elsewhere  during  tbs 

Period  of  Maximum  Glaciation,  and  on  eztra-Morainic  Boulder-clay."    (British  Assoc. 

Reports,  Manchester,  1887.)    fGBOL.  Mag.  1887,  p.  515.) 
"  On  the  Matrix  of  the  Diamond."    (Brit.  Assoc.  Reports,  Manchester,  1887.)    (Gbol.  Mag. 

1888,  p.  129.) 
"  The  Terminal  Moraine  of  the  Irish  Sea  Glacier  near  Manchester."    (Brit.  Assoc.  Reports, 

Manchester,  1887.) 

The  Terminal  Moraines  of  the  Great  Glaciers  of  England. 

Note. — Mrs.  Lewis  desires  to  state  that,  after  the  meeting  of  the 
British  Association  at  Manchester  last  year,  Prof.  Carvill  Lewis  set 
out  in  company  with  herself  and  Dr.  H.  W.  Crosskey,  of  Birminghanii 
to  visit  and  examine  Frankley  Hill,  in  Worcestershire,  the  only 
alleged  deposit  of  glacial  "Till"  south  of  the  great  Moraine  line 
which  he  had  not  seen  prior  to  the  Manchester  meeting.  Here  an 
excavation  was  made,  under  Prof.  Lewis's  superintendence,  through 
the  gravel  to  a  depth  of  from  eight  to  ten  feet;  thence  the  party 
traced  the  few  detached  Arenig  boulders  to  the  frontier  of  Wales. 
Prof.  Carvill  Lewis  then  said  that  for  the  first  time  in  all  his 
experience,  both  in  the  old  and  new  world,  he  had  found  unmistake- 
able  evidence  of  a  glacier,  between  which  and  the  Glacial  Epoch 
there  was  as  vast  an  interval  of  time  as  between  that  and  the  present 
day.  It  was  the  intention  of  the  late  Prof.  Lewis  to  make  a  thorough 
re- examination  of  all  England,  lest  a  similar  deposit  elsewhere  might 
have  escaped  his  notice ;  but  now  that  his  labours  have  been  so 
suddenly  brought  to  a  close,  Mrs.  Lewis  thinks  this  statement  should 
be  put  on  record. -rH.W. 


Obituary/ — Amos  H.  Wbrthen,  of  Illinois.  431 

AMOS   H.   WORTHEN. 
Paleontologist  and  Oeologist. 

Bo&N  OcTOBBB  3l8T,  1812 ;  DiBD  May  6th,  1888. 

Amos  H.  Worthkn,  a  son  of  the  late  Thomas  Worthen,  was  bom 
at  Bradford,  Orange  County,  Vermont.  He  commenced  life  as  a 
Schoolmaster  in  Harrison  County,  Kentucky,  but  in  June,  1836, 
he  removed  to  Warsaw,  Illinois,  where  he  spent  the  remainder  of 
his  life.  While  engaged  in  business,  he  became  interested  in  the 
science  of  G^logy,  and  made  a  large  collection  of  fossils,  and  also 
of  those  remarkable  geodes  of  the  Keokuk  limestone  in  that  region. 

On  the  institution  of  the  Geological  Survey  of  Illinois  in  1851, 
under  Prof.  J.  G.  Norwood,  he  was  appointed  his  Assistant,  which 
post  he  filled  for  four  years.  From  1855  to  1857  he  was  Assistant 
to  Professors  James  Hall  and  J.  D.  Whitney  on  the  Geological  Survey 
of  Iowa,  and  the  volume  published  in  1858  owes  much  of  its  value 
and  interest  to  the  labours  of  Mr.  Worthen.  The  many  beautiful 
plates  of  this  large  volume  are  from  drawings  by  Mr.  F.  B.  Meek, 
who  was  afterwards  associated  with  Mr.  Worthen  in  the  palaeontology 
of  his  own  Beports. 

In  March,  1858,  Mr.  Worthen  was  appointed  by  the  State  to  the 
charge  of  the  Geological  Survey  of  Illinois,  which  position  he 
occupied  till  1872,  when  he  became  Curator  of  the  Illinois  State 
Museum. 

The  seven  completed  volumes  of  the  Geology  and  Palasontology 
of  Illinois  form  the  best  and  most  lasting  monument  to  his  memory. 
Mr.  Worthen  left  an  eighth  volume  in  the  press.  Besides  these 
voluminous  reports,  he  issued  a  large  coloured  geological  map  of 
Illinois,  and  three  volumes  on  the  Economical  Geology  of  the  State. 
He  was  also  the  means  of  gathering  for  the  State  Museum  one  of 
the  largest  and  best  collections  of  fossils  in  the  country. 

In  the  early  part  of  the  Survey  Mr.  Worthen  encountered  and 
overcame  great  opposition.  His  modesty  and  earnestness,  high 
character  and  quiet  dignity,  gave  him  great  influence,  and  the  many 
difficulties  disappeared  before  him.  Although  ne€u*ly  75  years  of 
age  at  his  death,  he  had  not  given  up  work ;  the  preparation  of  the 
text  and  plates  illustrating  the  Silurian  Invertebrate  fossils  of  Illinois, 
for  the  eighth  volume,  was  occupying  him,  when  a  sudden  attack  of 
pneumonia  brought  all  to  an  end.  —  Silliman's  American  Journal^ 
August,  1888. 


WILLIAM    HELLIER    BAILY,    F.L.S.,    F.G.S.,    M.R.I.A. 

Palsontologist  and  Geologist. 

Born  July  7,  1819;  Died  August  6,  1888. 

We  regret  to  announce  the  death,  at  Eathmines,  near  Dublin,  of 
Mr.  W.  H.  Baily,  who,  after  a  lingering  illness,  passed  away  on 
August  6,  at  the  age  of  69.    The  greater  portion  of  his  life  was 
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devoted  to  Palaeontology,  and  moat  of  the  foaaOa  wfaidi  be  deacribei 
and  tboee  which  illoetrated  hia  worke,  were  drawn  on  wood  or  stone 
by  hia  skilful  hand. 

Mr.  Baily  was  bom  at  Bristol  on  July  Tth,  1819,  and  he  inherited 
artistic  talent,  for  both  his  mtndfather  and  father,  as  well  as  his 
uncle,  Edward  Hodges  Baily,  B.A.,  were  remarkable  for  their  earring 
and  sculpturing.  He  began  his  scientific  career  in  1837  as  Assisliot 
Curator  in  the  Bristol  Museum,  resigning  &is  post  in  1844,  when 
he  was  attached  to  the  Geological  Survey  of  Great  Britain  as 
Draughtsman.  In  the  following  year  he  was  appointed  to  the  stdf 
as  Assistant  G^logist  under  Sir  Henry  De  la  Bech&  His  duties, 
however,  were  confined  to  the  Museum  work,  and  in  1854  he 
was  styled  Assistant  Naturalist,  serving  for  a  time  directly  under 
Edward  Forbes,  and  afterwards  under  Professor  Huxley.  In  1857 
he  was  transferred  to  the  Irish  branch  of  the  Greologioal  Surrej, 
as  Acting  Palaeontologist,  and  he  retained  this  poet  till  the  close 
of  his  life.  In  1868  he  received  the  additional  appointment  of 
Demonstrator  in  Palesontology  to  the  Boyal  College  of  Science  for 
Ireland. 

Mr.  Baily  was  the  author  of  many  papers  on  palsBontological  and 
kindred  subjects,  and  his  labours  will  be  best  shown  by  the  list  of 
his  works,  which  amount  to  43  in  number.  His  most  important 
private  work  was  that  published  in  parts  from  1867  to  1875,  being 
Figures  of  Characteristic  British  Fossils :  with  descriptive  remarks. 
Unfortunately,  the  work  did  not  sufiSciently  recompense  the  author 
from  a  pecuniary  point  of  view,  and  after  the  first  volume  was 

fublished,  completing  the  PalsBozoic  portion,  it  was  abandoned, 
n  1867  he  received  the  proceeds  of  the  Wollaston  Donation-fond, 
awarded  by  the  Geological  Society  of  London,  in  aid  of  this  worL 
His  official  labours  comprised  Palsdontological  Notes  in  the  Ex- 
planatory Memoirs  to  the  Maps  of  the  Geological  Survey  of  Ireland, 
and  the  list  of  these  alone  would  be  a  lengthy  one. 

Mr.  Baily,  like  the  late  Prof.  Morris,  and  Mr.  J.  W.  Salter,  with 
whom  he  was  a  contemporary  and  a  fellow-worker,  belonged  to  that 
small  body  of  Geologists  and  Palaeontologists,  now,  alas  I  nearly  all 
passed  away,  who  possessed  an  extensive  general  knowledge  both  of 
rocks  and  fossils,  and  also  the  invaluable  ability  to  draw,  as  well  as 
to  describe,  what  they  saw  and  studied,  whether  in  the  field  or  in 
the  cabinet.  These  men  can  never  be  replaced  by  our  modem 
student-specialists. 

Personally  Mr.  Baily  was  of  a  genial  disposition  and  his  loss 
will  long  be  felt  by  his  friends  and  colleagues. 


Errata. — Please  make  the  following  corrections: — Geol.  Mao. 
March  No.  p.  123,  in  footnote,  line  2,  for  ** Memoir"  read  "Afeumer." 
In  May  No.  p.  240,  line  33  from  top  of  page,  for  the  work  which 
Mr.  Lee  has  actually  done — read  **  the  work  which  toe  see  actually 
done." — In  August  Number,  p.  882,  line  3  from  bottom,  for  lavas 
read  laws, — Edit.  Geol.  Mao. 
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L — On  EnroN  antiquus,  Broderip,  sp.,  from  the  Lower  Lias, 

Lyme-Reqis,  Dorset. 

By  Hbkrt  Woodwa&d,  LL.D.,  P.R.S.,  V.P.G.8., 
of  the  Brituh  Muaeum  (Natural  History). 

(PLATE  XII.) 

SO  far  back  as  the  year  1820,  Schloiheim  described  in  his  Petre- 
factenkunde,  vol.  i.  p.  87,  certain  Oolitic  Crastacea  from  Solen- 
hofen,  which  he  called  Macrourites ;  bat  forms  belonging  to  more 
than  one  genas  were  included  by  him  ander  this  name. 

We  are  indebted  to  M.  Desmarest,  in  1822,  for  the  earliest  descrip- 
tion of  the  genus  Eryon  from  the  Lithographic  Stone  of  Solenhofen.^ 

A  form  of  Eryon  was  described  in  1835,  from  the  Lias  of  Lyme- 
Begis,  by  Mr.  W.  J.  Broderip,'  F.B.S.,  under  the  name  of  Coleia 
antiqua.  In  the  same  year  Prof,  von  Meyer  described  an  Eryon  from 
the  Upper  Lias  of  Kabenstein,  Bavaria,  under  the  name  of  E. 
Hartmanni,^ 

In  1849  Prof.  McCoy  *  described,  but  did  not  figure,  an  Eryon 
from  the  Lias  of  Leicestershire  under  the  name  of  E,  Barrovensis, 

Ten  species  of  Eryon  have  been  described  by  Schlotheim,*  Miinster,* 
Etallon,'  Germar,®  Fraas  •  and  Oppel,'°  mostly  from  the  Lithographic 
Stone  of  Solenhofen.  Eryon  "  Escheri  was  described  by  Oppel  from 
the  Lower  Lias  of  Schambelen,  Switzerland,  and  Eryon  Edwardsi 
by  M.  Mori^re,''  from  the  U.  Lias  of  Calvados,  Normandy. 

In  1866  I  described  and  figured  several  British  Liassic  species  of 
Eryon,^^  viz  — E.  Barrovensis,  E,  Wilmcotensis,  E.  Brodiei,  E.  crassi- 
chelis,  and  E.  Moorei  ;  also  E,  Oppeli  from  Solenhofen. 

In  1881  I  added  another  British  species  of  Eryon,  E,  Stoddarti,^^ 
from  the  Stonesfield  Slate,  and  E.  Neocomiensis,^^  from  the  Lower 
Cretaceous  of  Silesia. 

»  Nat.  Hist.  Fo88.  Crust.  1822,  p.  128. 

^  Trans.  Geol.  Soc.  1836,  2nd  ser.  toI.  t.  p.  172,  pi.  12,  figs.  1  and  2. 

'  Bronn,  Jahrb.  1836,  p.  329.  *  Ann.  Mag.  Nat.  Hist.  1849,  p.  172. 

^  Petrefactenkunde,  1822,  p.  35,  tab.  3,  fig.  2. 

•  Beitrage  zur  Petrefk.  1839,  toI.  ii.  p.  2. 

^  Etallon  in  Ballet.  Soo.  Geol.  de  Fr.  1858,  xvi.  p.  169,  t  4,  figs.  1-3. 

•  Germar  in  Keferstein.  Deutschl.  1827,  iv.  p.  99. 

•  Wurttemb.  naturw.  Jahresh.  1866,  xi.  Jahrg.  p.  94. 

10  Pal.  Mittheil.  1862,  p.  8,  tabs.  1-3.         "  Pal.  Mittheil.  1862,  p.  x.  t  1,  fig.  1. 

1'  Bull.  Soc.  Linn,  de  Norraandie,  1864,  tome  viii.  p.  89,  pi.  vi. 

"  Quart.  Journ.  Geol.  Soc.  1866,  vol.  xxiii.  p.  493,  pi.  xxiv.  and  xxv. 

1*  Geol.  Mao.  1881,  p.  629,  PI.  XIV.  Fig.  2. 

"  Geol.  Mao.  1881,  p.  630,  PI.  XIV.  Fig.  1. 
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In  1883  M.  Mori^re  deaoribed  a  seoond  species  of  Eryim  under 
the  name  of  E,  calvadosi  ^  from  the  Upper  Lias  of  Calvados. 

In  1884  Mr.  C.  Spenoe-Bate,  F.U.S.,  figured  and  described  a 
species  of  Eryon  from  the  Lias  of  Lyme-Begis,  Dorset,  under  the 
name  of  Archatutacus  WiUemixsii,*  I  ventured  to  point  out,  in 
a  footnote  to  his  paper  (see  Gkol.  Maq.  1884,  p.  310)  that  the 
specimen  so  descnb^  was  almost  certainly  identical  with  Eryon 
eraasichelis,  H.  Woodw.,  1866  (see  Quart.  Jonm.  GeoL  Soc.  1866, 
vol.  zxii.  p.  497,  pi.  xxv.  fig.  2). 

In  August,  1888,  the  two  fine  volumes  xziv.  (text  and  plates)  of 
the  *' Challenger"  Report  on  the  Crustacea-Macronraby  Mr.  G.  Spenoe- 
Bate,  F.R.S.,  were  received  by  me.  In  this  magnificent  Monogra|^ 
the  author  discusses,  under  ''  Morphology,*'  p.  xv,  and  again  under 
the  Eryonidm  (pp.  100-120),  both  the  past  and  present  representa- 
tives of  this  family,  and  he  gives  a  conjectural  restoration  of  his 
**  Archaastacus  WiUemcesii  "  (?  =  Eryon  crasMtchelis,  H.  Woodw.), 
which,  however,  differs  considerably  from  the  actual  specimen,  as  may 
be  seen  by  a  comparison  of  the  carefully-drawn  Plate  X.  Gsol.  1884, 
Mag.  with  the  **  Challenger  "  woodcut  on  p.  117. 

The  most  important  points  to  be  noticed  in  the  new  figure  are,  the 
omission  of  the  articulation  (diaresis)  in  the  outer  lamella  (exopodite) 
of  the  sixth  segment  of  the  abdomen  (forming  the  "  rhipidura,**  or 
"  tail-fan  '*  of  Spenoe-Bate) ;  the  exaggerated  size  of  the  ecaphoceriU 
or  antennal  scale — certainly  more  than  twice  the  natural  size ;  and  the 
incorrect  representation  of  the  basal  joints  of  the  antenna.  This 
latter  is  due  to  Mr.  Spenoe-Bate  having  mistaken  the  three  terminal 
joints  of  the  exopodite  of  the  maxillipede  (preserved  in  the  fossil 
on  the  right  side)  for  the  basal  joints  of  the  antenna.  The  antennoles 
in  the  original  specimen  do  not  bend  outwards  over  the  antenna  as 
here  represented,  the  former  with  their  short  bifid  multiarticulate 
fiagella  being  directed  forwards,  and  the  latter  with  its  single 
flagellum,  and  short  ovoid  basal  scale,  being  curved  outwards.  Lastly, 
it  is  quite  certain  that  the  latero-anterior  margin  of  the  carapace  is 
not  perfect  in  the  fossil,  and  does  not  justify  the  representation  given 
of  a  smooth  rounded  margin ;  the  evidence  on  the  surface  of  the 
carapace  of  a  cervical  furrow  bifurcating  on  each  side  justifies  the 
assumption  that  the  margin  would  be  intersected  by  two  indentations 
one  at  the  end  of  each  branch  of  the  cervical  furrow,  and  marked  by 
a  more  or  less  pointed  lobe  enclosed  between  these  two  indentations, 
a  form  of  carapace  most  characteristic  of  the  genus  Eryon. 

In  1835  Mr.  W.  J.  Broderip  described  in  the  Transactions  of  the 
Geological  Society  of  London  (lind  series,  vol.  v.  pi.  12,  figs.  1,  2, 
p.  172),  a  new  Macrourous  Decapod  Crustacean  from  the  Lias  of 
Lyme-Regis,  which  he  named  Coleia  antiqua.  The  larger  fossil 
figured  by  Broderip  is  very  imperfect,  but  the  smaller  is  more  com- 
plete ;  both  examples  display  sufficient  evidence  in  the  carapace 
and  appendages  to  have  justified  Dr.  Oppel  in  his  conclusion  that 
they  belonged   to   the  genus  Eryon    (Pal.    Mittheil.    18G2,   p.  11). 

*  Bull.  Soc.  Linn,  de  Normandie,  1883,  ser.  3,  tome  \ii.  pp.  1-10,  pi.  i.-iii. 
»  Geol.  Mao.  1884,  Dec.  111.  Vol.  I.  Pi.  X.  p.  307. 
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Another  example  of  Eryon  (Coleia)  antiquus  from  the  same  locality 
and  formation  having  been  obtained  for  the  British  Museam,  it 
seems  to  me  to  deserve  to  be  recorded  and  figured  (see  Plate  XllOy 
as  this  is  evidently  a  rather  rare  species  in  our  Lias. 

Description. — The  whole  specimen  measures  11^  centimetres  in 
length ;  the  cephalothorax  is  5^  centim.  long  and  5  c.  at  its  broadest 
part  just  behind  the  cervical  furrow,  and  4  c.  wide  at  its  posterior 
border.  The  hinder  border  is  nearly  straight,  being  but  slightly 
arched,  or  concave,  forwards.  At  a  distance  of  3  c.  from  the  pos- 
terior border  there  is  a  well-developed  rather  incurved  tooth  or 
spine  marking  the  posterior  margin  of  the  first  lateral  indentation 
of  the  carapace  5  mm.  deep.  At  3f  centimetres  from  the  posterior 
border  the  2nd  lateral  roundly -incurved  tooth  arises.  Here  the 
carapace  becomes  narrower,  being  only  4^  c.  in  breadth.  This  2nd 
rounded  serration  also  marks  the  second  lateral  indentation  6  mm. 
deep ;  this  may  be  called  the  cervical  notch,  as  it  unites  with  the 
cervical  furrow,  which  here  crosses  the  carapace  in  a  clearly-marked 
obtusely  V-shaped  line.  In  front  of  this  cervical  notch,  the  carapace 
again  expands,  forming  a  rounded  lobe  on  each  side,  ending  in  a  third 
antero-lateral  tooth ;  here  the  carapace  has  contracted  to  a  bi*eadth 
of  2^  centimetres ;  this  tooth  forms  the  outer  border  of  the  orbital 
fossa  6  mm.  broad ;  the  inner  margin  of  which  is  formed  by  a  spine 
6  mm.  long,  which  rises  up  on  either  side  of  the  deep  frontal  fossa, 
12  mm.  across,  and  broadly  (j -shaped,  which  occupies  in  the  cara- 
pace of  Eryon  that  space  usually  filled  by  the  rostrum  in  other 
Macroura,  but  which  is  not  developed  in  the  Eryonida. 

In  this  frontal  fossa  the  antennules  are  seen  with  their  three  basal 
joints  and  their  bifid  flagella,  the  outer  fiagellnm  being  11  mm. 
long  and  the  inner  16  mm.  Just  inside  the  antennules  are  preserved 
the  four  distal  joints  of  the  two  palpi  (or  endopodites)  of  the  3rd 
or  external  pair  of  maxillipedes.  Only  portions  of  the  flagella  of 
the  outer  antenna  with  their  basal  joints  are  preserved.  Near  the 
base  of  these,  the  flattened  remains  of  the  ophthalmopods  are  seen 
lying  in  the  orbital  fossa  on  each  side. 

The  great  length  of  the  first  pair  of  chelate  thoracic  legs  is  very 
characteristic  of  E,  antiquuSy  and  strikingly  in  contrast  with  all  the 
other  species  of  Eryonj  save  E,  bilobatua,  K  longipea,  and  E.  Beden- 
hacheri,  from  Solenhofen  (see  Oppel's  Pal.  Mittheil.  pp.  16-18, 
tab.  3,  figs.  2,  3,  6).  They  are,  in  our  fossil,  11^  centimetres  long. 
The  2nd  pair,  also  chelate,  are  much  smaller,  being  4^^  c.  long.  The 
3rd  and  4th  pairs  were  also  chelate  and  the  5th  pair  simple. 

The  abdomen  measures  61  centimetres  in  length,  including  the 
telson,  which  is  2  c.  long.  Its  widest  part  is  at  the  2nd  segment, 
which  is  3J  c.  wide,  the  6th  being  2^  c. :  the  breadth  of  the 
swimmerets  of  the  tail  is  6J  c.  The  telson  is  14  mm.  broad.  The 
sternal  arches  of  the  segments  are  narrow  near  the  centre,  with  wide 
interstemal  membranes ;  but  they  become  broader  near  their  rounded 
epimeral  borders. 

Each  somite  or  segment  bears  upon  the  centre  of  its  tergal  arch  a 
strong  tubercle ;  the  whole  surface  of  the  segments  being  coarsely 
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granalar.  The  telson  has  three  longitudinal  ridges  upon  it  The 
tail -lobes  or  swimmerets  are  broadly  rounded,  and  the  outer  pkte 
has  a  diadresis  across  its  lower  extremity.  The  surface  of  the  canpaoe 
is  strongly  granulated,  the  centre  or  dorsal  line  being  marked  by  a 
strong  line  of  tubercles  which  die  out  forwards,  just  beyond  the 
cervical  furrow.  In  addition  to  the  dorsal  ridge  two  later^  lines  of 
smaller  tubercles  further  subdivide  the  carapace  longitudinally, 
marking  off  the  branchial  region  on  either  side.  The  lateral  maigins 
of  the  carapace  are  also  marked  by  minute  spines  and  tubercles. 

Beferring  again  to  Mr.  C.  Spence-Bate's  remarks  on  the  genoi 
Eryon,  including  as  at  present  constituted  many  species  from  the 
Solenhofen  Limestone  in  which  the  diaeresis,  or  suture  dividing  the 
outer  lobe  of  the  caudal  fin,  is  absent,  and  many  from  the  English 
Lias,  eta,  in  which  it  is  distinctly  present,  Mr.  Spenoe-Bate  oontendB 
— and  he  is  probably  justified  in  his  contention — that  the  absence  or 
presence  of  this  diaeresis  is  of  generic,  if  not  of  family,  value ;  and 
further  that  there  are  many  other  distinctive  characters  amongst 
the  various  species  of  Eryon  which  are  of  sufficient  importance  to 
constitute  generic  differences.  He  has  separated  from  the  genoe 
Eryon,  under  the  name  of  Arehaasiaau  WWenunii,  a  Liassic  form 
from  Lyme-Regis  (see  Geol,  Mag.  1884,  PI.  X.  and  p.  807;  see 
also  "Challenger"  volume,  1888,  p.  117),  which  he  believed  hadw 
diaresiSf  but  which  has  in  fact  a  well-marked  one.  Apart  from  this, 
it  has  no  salient  character  which  would  entitle  it  to  be  treated  as 
generically  distinct  from  other  Liassic  forms  of  Eryon,  But  if  the 
presence  or  absence  of  a  diaresis  in  the  outer  lobe  of  the  tail-fan  be 
deemed  of  generic  value,  then  all  those  forms  in  which  this  suture 
is  absent y  must  be  retained  in  the  genus  Eryon,^  whilst  those  in  which 
a  dt(Bresis  is  present,  must  form  a  new  genus. 

Unfortunately  the  name  Archaastacus,  proposed  by  Mr.  Spence- 
Bate,  cannot  stand,  as  it  was  given  in  error  to  a  form  which  its 
author  believed  to  be  destitute  of  a  diaeresis,  whereas  it  possesses  one. 
But  if  the  Liassic  species  must  be  separated  for  this  reason  from  the 
genus  Bryony  then  Broderip's  genus  Coleia  (1835)  should  be  revived, 
as  having  the  priority,  by  more  than  fifty  years,  over  the  generic 
name  proposed  by  Spence-Bate. 

Mr.  Spence-Bate  quotes  the  writer  as  to  the  rarity  with  which  the 
eyes  are  found  preserved  in  fossil  forms  of  the  genus  Eryon,  He 
writes :  **  The  eye  is  but  rarely  if  ever  preserved,  and  Woodward 
says,  '  has  never  been  positively  determined,^  and  the  peduncle  on 
which  it  is  supposed  to  stand  frequently  appears  as  if  it  were 
biarticulated ;  but  I  have  never  seen  a  specimen,  or  the  figure  of 
one,  in  which  the  perfectly -formed  eye  has  been  found  so  as  clearly 
to  determine  its  form  and  character." 

I  cannot  find  the  above  italicized  quotation,  but  I  do  say  (Quart 
Joum.  Geol.  Soc.  1866,  p.  496) :  "The  eyes,  but  rso-ely  preserved, 
are  placed  " — in  Eryon  Barrovensis — **  near  the  base  of  the  scale  of 
the  outer  antennae."  Again  under  E,  Brodiei  (op.  cit  p.  498)  :  "In 
this  specimen,  one  eye  is  preserved  in  st/u." 

'  The  genus  Eryon  was  founded  hy  Desmarest  on  specimens  from  Solenhofen 
«ri>t'/»h  hjiye  110  diaresU  in  the  taii-lMi. 
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In  Oppel's  "  Palsdontologisohe  Mittheilungen  "  (1862)  he  figures 
several  Eryon  from  Solenhofen;  e.g.  E,  arctiformis,  Schlot  sp. 
(op,  ciL  Tab.  3,  fig.  1),  and  he  marks  (o,  o)  ''  Augenstiele,"  and  on 
Tab.  2,  figs.  1,  2,  3  (o,  o)  "  Einsohnitte  im  Cephalothorax  fur  die 
Augen."  In  the  description  of  the  fignre  given  by  him  ("  Challenger" 
Report,  p.  xv)  of  Eryon  calvadosii  (after  M.  Mori^re)  "  the  orbits," 
says  Spenoe-Bate,  ''for  the  reception  of  the  organs  of  vision  are 
well  preserved."  Bearing  in  mind  the  usually  delicate  nature  of 
these  organs,  it  is  not  surprising  to  find  them  more  often  represented 
by  their  orbital  vacuities  than  by  the  eyes  themselves.^ 

We  cannot  follow  Mr.  Spence-Bate  in  his  conclusions  that  we  find 
"  in  the  same  geological  epoch  some  specimens  of  Eryon  that  are 
hlindy  and  others  with  large  and  probably  well-developed  organs  of 
vision"  (op,  cii.  p.  xvi).  Such  a  deduction,  based  upon  our  present 
imperfect  knowledge  of  fossil  forms,  would  be  as  erroneous  as  to 
conclude  that  the  Venus  of  Milo  was  originally  sculptured  without 
arms  because  they  are  now  reduced  to  stumps. 

During  the  cruise  of  the  *'  Challenger,"  two  genera  of  deep-sea 
Crustaceans  allied  to  Eryon  were  obtained  by  Dr.  v.  Willemoes- 
Subm,  the  late  talented  Naturalist  to  the  Expedition,  whose  lamented 
death  occurred  before  the  completion  of  the  voyage. 

By  the  kindness  of  Dr.  John  Murray,  F.R.S.E.,  the  Director  of  the 
"  Challenger "  publications,  I  am  permitted  to  reproduce  figures  of 
these  very  remarkable  living  representatives  of  this  well-marked 
and  ancient  family  of  Jurassic  Crustaceans. 

The  first  of  these,  Polycheles  erudfera,  was  dredged  off  Sombrero 
Island,  West  Indies,  in  a  depth  of  480  fathoms  {pp.  ciL  p.  127). 
Another  specimen  is  mentioned  (at  p.  100)  as  having  been  dredged 
in  the  middle  of  the  North  Atlantic  at  a  depth  of  1900  fathoms,  or 
rather  more  than  two  miles  from  the  surface  I  (see  Woodcut,  Fig.  1). 

**  The  eye  is  lodged  in  a  narrow  cleft  of  the  dorsal  surface  of  the 
carapace,  and  projects  beneath  the  an tero- lateral  angle  of  the  cara- 
pace in  the  form  of  an  obtuse  point"  (op.  cit.  p.  127).  "  The  animal," 
says  Mr.  Spence-Bate,  "  can  have  had  only  a  very  limited  range  of 
vision  outwardly,  by  the  aid  of  one  lens  above,  and  another  below 
and  a  little  in  advance,  and  even  this,  from  the  apparent  density  of 
the  cornea,  must  have  been  of  a  very  imperfect  character  "  {op.  eit, 
p.  128). 

Another  species,  Polycheles  Helleriy  Bate,  dredged  to  the  north  of 
New  Zealand,  in  a  depth  of  520  fathoms,  and  again  north  of  New 
Guinea,  at  a  depth  of  1070  fathoms,  appears  to  have  had  equally 
imperfect  vision  {op.  dt.  p.  139). 

The  second  form,  Pentacheles  euthrix  (Woodcut, Fig.  2), was  dredged 
off  the  Eermadec  Islands  in  depths  of  520  and  630  fathoms ;  and 
again  off  Matuku,  in  315  fathoms. 

''  The  ophthalmopod  is  lodged  in  a  notch  in  the  carapace  that  is 

*  In  the  recent  forms  described  by  Mr.  Spence-Bate  the  eye  was  found  to  be 
almost  entirely  concealed  beneath  the  antero- lateral  angle  of  the  carapace,  see  wood- 
cut of  ophthalmopod  of  Pentacheles  gracilis  ('<  Challenger"  Report,  or  Ckubtaoba- 
Macrou&a,  toL  xxIt.  p.  114,  fig.  28 ;  also  vol.  xxi?.  plate  XTii.  figs.  Ca,  CiL  a, 
Ciii.  a.) 
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Fia.  1.   Fd!ichele$  eruei/era. 
From  1  drawing  by  Dr.  t.  Willshoeb-Subu. 
{Reproduced  by  pormisaiou  from  the  "Cballenget"  Report  oi 
Macnira,  toL  ixit.  p.  131,  Gg-  31.) 
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Fio.  2. — Fentaehelei  evihrix. 

From  I  draving  b;  Dt.  v.  Wn,LBiiais-8tr8>(. 

(Reprodnced  by  penniaaion  from  tlie  "  Challsnget "  Report  od  CnutacM- 

Macnira,  rol.  xiit.  p.  IGO,  Bg.  S3.) 


440  Dr.  H.  Woodteard^^On  the  genua  Eryan. 

much  broader  at  the  anterior  margin,  and  narrower  posteriorly ;  it 
carries  a  small,  pointed  cusp  on  the  anterior  surfaoe,  and  passes 
outwards  beneath  the  projecting  angle  of  the  carapace,  and  terminates 
in  two  small  nodules,  one  on  the  outer,  and  the  other  on  the  lower 
side"  (pp.  cii,  p.  151). 

Three  other  species  are  recorded  by  Mr.  Spenoe-Bate,  viz. — 
P,  obacura,  north  of  New  Guinea,  depth  1070  jfathoms  ;  P-  tois, 
between  Samboagan  and  New  Guinea,  500  fathoms ;  P.  gracUis,  off 
Eandavu  Island,  in  610  fathoms. 

It  can  hardly  be  doubted  that  in  these  remarkable  deep-sea  forms 
we  have  the  last  survivors  of  a  once  numerous  family  of  Crustaoea- 
Macrura  with  broad  and  flattened  carapaces,  destitute  of  any  rostrum, 
serrated  more  or  less  along  their  lateral  margins,  and  generally 
marked  by  a  strong  cervical  furrow  which  is  usually  branched 
laterally. 

That  these  modem  forms  should  either  be  quite  blind,  or  have 
but  imperfect  vision,  does  not  seem  extraordinary  when  we  con- 
sider the  very  great  depth  at  which  they  have  been  found  living ; 
but  it  is  quite  certain  Uiat  the  fossil  forms,  both  of  the  Oolite  and 
Lias,  inhabited  comparatively  shallow  near-shore  waters,  as  is  proved 
by  the  nature  of  the  deposits  in  which  they  occur,  and  the  numerous 
terrestrial  and  shallow- water  organisms  found  embedded  with  them. 

The  absence  of  vision  in  the  fossil  forms  cannot  therefore  be 
proved  by  comparing  them  with  the  recent  ones,  whose  conditions 
and  surroundings  are  so  difierent  The  species  of  JSryon  from  the 
Lias,  having  all,  apparently,  a  dicBreaia  in  the  outer  lobe  of  the 
caudal  fan,  are  evidently  an  older  or  less  specialized  form  than  those 
of  the  newer  Solenhofen  Stone  (Upper  Oolite),  in  which  the  diosretii 
is  absent,  the  outer  lobe  of  the  caudal  fan  being  in  one  piece ;  and 
this  is  the  case  also  in  the  surviving  deep-sea  species. 

In  a  footnote  to  the  "  Challenger  "  Report  on  Crvatacea-Macrura, 
Mr.  Spence-Bate  writes  at  p.  120 : — "  In  the  Quart.  Jounu  Geol.  See. 
(1866)  vol.  XXV.  ^g.  1,  Dr.  Woodward  delineated  by  the  help 
of  the  fine  examples  in  the  cabinet  of  the  Rev.  P.  B.  Brodie,  F.G.S., 
and  those  in  the  British  Museum,  a  completely  restored  figure  of 
£ryon  harrovenaisy  M'Coy,  in  which  the  scaphocerite  is  fixed  at  the 
extremity  of  a  peduncle  that  is  independent  of  that  of  the  antennae. 
This  condition  not  being  in  accordance  with  the  anatomical  structure 
of  the  Macrurous  Decapods,  I  am  induced  to  think  that  the  small 
pedicular  plate  at  the  extremity  of  the  third  pair  of  maxillee  is  in- 
tended, of  which  a  drawing  is  given,  fig.  31,  p.  135,  in  this  Report, 
and  which  in  some  recent  species  extends  beyond  the  frontal  margin." 
In  my  figure  referred  to,  the  artist  has  correctly  represented  the  pro- 
jecting latero-anterior  angles  of  the  frontal  margin  of  the  carapace  of 
£,  Barrovensis  as  partially  concealing  the  broad  basal  joint  of  the 
antenna,  giving  to  it  the  appearance  as  if  the  antennal  scale  (scapho- 
cerite) was  articulated  to  a  distinct  base,  separate  from  the  antenna 
As  such  a  structure  is  unknown,  it  is  extraordinary  that  this  should 
have  misled  so  old  and  experienced  a  Carcinologist  as  Mr.  Spence- 
Bate,  and  that  he  shovxid  nol  ho^v^  turned  to  the  text,  where  (p.  496, 
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op.  dt,)  it  18  distinctly  stated  that, ''  Each  of  the  oater  antennas  has 
a  large  oval  scale  attached  to  its  broad  basal  joint." 

It  would  be  quite  impossible,  in  the  scope  of  the  present  brief 
article,  to  discuss  the  numerous  points  of  interest  and  importance 
bearing  upon  the  JEryanida  which  the  publication  of  Mr.  Spence- 
Bate's  fine  Monograph  raises,  but,  I  may  mention,  that  in  an  early 
Paladontographical  Monograph  on  the  British  Liassic  Crustacea,  I 
hope  to  treat  this  subject  with  the  fullness  which  it  deserves. 


II. — Fossil  Abotio  Plants  fbom    the   Laoustbinb  Deposit  at 

HoxNE,  IN  Suffolk.^ 

By  Clbmbnt  Bbid,  F.6.S.,  and  H.  N.  Bidlbt,  M.A.,  F.L.S. 

NEAR  the  village  of  Hoxne,  close  to  the  northern  border  of 
Suffolk,  and  about  five  miles  east  of  Diss,  lies  the  well-known 
lacustrine  deposit  from  which  PalsBolithic  implements  were  obtained 
.  more  than  90  years  ago.  This  deposit  has  been  so  well  described 
that  it  may  seem  presumptuous  to  imagine  that  there  is  still  any- 
thing new  to  be  said  about  it.  But  it  so  happens  that  every  observer 
up  till  now  has  studied  the  deposit  either  from  an  arohsdological  or 
from  a  geological  point  of  view.  No  one  has  paid  special  attention 
to  the  character  of  the  associated  plants,  or  to  the  climatic  conditions 
which  these  plants  indicate. 

The  earliest  description  of  the  deposits  at  Hoxne  is  an  excellent 
one  contained  in  a  letter  by  John  Frere  to  the  Secretary  of  the 
Society  of  Antiquaries.'  This  is  dated  as  far  back  as  1797.  It 
gives  a  clear  account  of  the  exact  mode  of  occurrence  of  the  imple- 
ments, and  enables  us  to  recognize  without  difficulty  the  relative 
position  of  the  implement-bearing  deposits,  and  of  the  beds  with 
arctic  plants  described  in  this  paper. 

The  section  given  by  Frere  is : — 

1.  Vegetable  earth    IJ  feet. 

2.  Argill    7}    „ 

3.  Sand  mixed  with  shells  and  other  marine  '  substances 1    foot. 

4.  A  grayelly  soil,  in  which  the  flints  are  found,  generally  at  the  rate 

of  five  or  six  in  a  square  yard  2    feet. 

**  In  the  same  stratum  are  frequently  found  small  fragments  of 
wood,  very  perfect  when  first  dug  up,  but  which  soon  decompose 
on  being  exposed  to  the  air ;  and  in  the  stratum  of  sand  (No.  3) 

were  found  some  extraordinary  bones "     Frere  also  alludes  to 

the  underlying  "  tract  of  boggy  earth  '*  under  No.  4. 

The  next  geological  paper  dealing  with  the  Hoxne  deposit  was 
not  published  till  1860.^  In  that  and  the  previous  year  Professor 
Prestwich  visited  Hoxne,  and  very  thoroughly  worked  out  the 
stratigraphical  relations  of  the  different  beds.  To  this  paper  and  to 
a  later  one  published  in  1864,^  we  must  refer  readers  for  a  full 

^  Bead  at  the  British  Association,  Section  C,  Bath,  September,  1888. 

'  Archaaologia,  toI.  xiii.  p.  204,  1800,  two  pp.  and  two  4to.  plates  of  implements, 

'  This  is  a  mistake,  the  shells,  etc.,  are  freshwater. 

*  Phil.  Trans,  vol.  cl.  pp.  304-308,  pi.  xi. 

»  Jbid,  cliy.  p.  283. 
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aoootint  of  the  geology,  merely  quoting  one  of  Pro£  Pxestwidi'i 
Bections  as  an  example  of  the  vest,  to  show  whioh  bed  oootams  the 
Arotic  plants : — 

Sionoir  DC  8.W.  ooBim  07  Hoxm  Brick-tibld,  1850. 

a.  Surface  soil,  tnuset  of  sand  and  graTol I  to  S 

b.  Brown  and  greyish  day,  not  calcareous,  with  an  irrorular  central 

carbonaceous  or  peaty  seam.    Two  flint-implements,    fiones  of  Bc9,    10  to  12 

c.  Yellow  aub-angular  flmt-graTel,  witii  a  certain  proportion  of  small 

ohalk  pebbles,  and  a  few  pebbles  of  siliceous  sandstone,  quarti,  and 
other  old  rocks.  EUphat,  The  matrix  of  this  bed,  in  places, 
consists  of  clay  like  ft  )  to  1 

d.  Bluish  and  grey  calcareous  clay,  in  places  yery  pealj ;  lower  part  witii 

seams  or  partinn  of  sand.     Wood  and  yegetable  remains.    Land 
and  freshwater  tkeUt,  Bones  of  Mmmmalia  (Deer,  Horse,  Blephant).      8  to  4 
#.  Gravel  like  c,  but  smaller,  more  worn,  and  with  more  chalk  pebbles ...       1  to  2| 
f.  Calcareous  grey  clay,  more  or  less  peaty,  with  freshwater  thslU  (bored 

to  17  feet,  but  no  bottom  was  reachea)  17 

Other  sections  showed  that  the  whole  deposit  rested  on  Bonlder-olaj. 

From  bed  d  Prof.  Prestwich  obtained  wood  of  Oak  (?),^  Tew  and 
Fir, and  subsequently  some  leaves  "apparently  of  Bilberry"  (these 
belong  really  to  ScUix  myrainites).  He  also  records  the  foUowing 
species  of  land  and  freshwater  mollusca : — 

FUidium  amnieum,  Miill. 

Spharium  eornemnf  Linn. 

Unio  (fragmentary). 

Arion  aUr^  Linn,  (some  calcareous  grains) 

Bythinia  Untaeulatay  Linn. 

Helix  hispida?  Linn. 

Zotiites  nitidula  P  Drap. 

To  this  list  we  can  now  add,  from  specimens  obtained  during  our 
recent  visits,  Pisidium  fontinale,  var.  Henslomanunit  Helix  rotundatHSf 
and  Valvata  cristata ;  also  teeth  of  two  genera  of  freshwater  fish — 
Esox  and  Leuciscus.'^ 

Mr.  Thomas  Belt  subsequently  tried  to  prove  the  interglacial  age 
of  the  implement-bearing  loams,  laying  special  stress  on  the  oc- 
currence in  the  pit  in  Oakley  Park  of  a  small  patch  of  chalky 
Boulder-clay  overlying  the  loam.* 

A  year  or  two  later  Mr.  H.  B.  Woodward  and  one  of  the  writers 
of  this  paper  visited  Hoxne,  and  found  that  there  was  a  little  Boulder- 
clay  in  the  position  indicated  by  Mr.  Belt.  But  the  visit  made  in 
May  of  the  present  year  showed  the  patch  more  clearly,  and  it 
proved  to  be  merely  the  remains  of  some  clay  which  had  been 
brought  to  the  pit  at  an  early  date — perhaps  more  than  one  hundred 
years  ago — when  the  clay  was  first  dug.  This  Boulder-clay  distinctly 
rested  in  one  place  on  the  recent  vegetable  soil. 

Numerous  references  to  the  implements  from  Hoxne,  and  several 

^  Prof.  Prestwich  informs  us  that  the  oak  wood  was  not  found  by  himself, 
but  was  obtained  from  one  of  the  men,  who  stated  that  pieces  occasionally  occor 
in  a  very  sound  condition,  like  the  specimen  which  he  produced.  The  wood  is 
evidently  fossil,  but  t^e  exact  horizon  from  which  it  was  obtained  may  have  been 
wrongly  observed. 

*  Determined  by  Mr.  E.  T.  Newton. 
'  '  Quart.  Joum.  ScL,  n.s.  vol.  vi.  pp.  2S9-304. 


Zimtiaa  paltutrit,  Linn. 

trunealulus?  Linn. 

Flnnorbis  albut  ?  Miill. 

tpirorbit^  Linn. 

Sueeinea  putrisy  Linn. 
Valvata  pueinalis,  Linn. 
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otber  papers  dealing  theoretically  with  the  question  of  the  age  of 
the  deposit,  will  be  found ;  bat  for  a  record  of  the  facts  it  is  still 
necessary  to  go  to  Professor  Prestwich,  whose  carefully  measured 
sections  and  dear  descriptions  of  the  beds  will  stand,  however 
our  views  as  to  the  connection  of  the  Palaeolithic  deposits  with 
the  Glacial  beds  may  change. 

Thus  far  what  the  writers  have  seen  is  strongly  in  favour  of  Prof. 
Prestwich's  contention,  that  the  lacustrine  deposits  rest  in  a  hollow 
in  the  Boulder-clay. 

The  reason  for  our  taking  up  with  this  subject  was  that  we  had 
been  working  for  some  time  at  Pre-historic  and  Pleistocene  botany. 
Looking  through  the  account  of  the  Hoxne  deposit  we  observed  that 
Prof.  Prestwich  had  recorded  the  plants  already  mentioned,  as  either 
associated  with  or  underlying  the  implement-bearing  beds.  We 
wished  to  obtain  a  more  complete  knowledge  of  this  flora,  and  to 
ascertain,  if  possible,  the  climatic  conditions  under  which  PalsBolithic 
man  lived. 

At  first  sight  it  looks  as  if  the  long  list  of  moUusca,  or  the  mam- 
mals, ought  to  settle  this  question ;  but  they  are  all  species  of  wide 
range,  and  for  sensitiveness  to  dimatio  changes  no  class  equals  the 
plants. 

We,  therefore,  Tisited  Hoxne  last  May,  and  again  in  July,  but 
finmd  that  the  digging  of  the  clay  had  stopped  for  the  season,  and 
that  the  deeper  parts  of  the  pit  were  full  of  water.  However,  there 
was  a  large  heap  of  clay,  belonging  to  bed  d,  which  had  been  dug 
during  the  winter  from  one  of  these  flooded  pits.  This  clay  showed 
the  lithological  character,  and  the  wood,  shells,  and  bilberry-like 
leaves  mentioned  by  Prof.  Prestwich.  We  took  away  some  of  the 
day,  and  on  carefully  washing  and  examining  the  samples  after  our 
return  to  London,  we  arrived  at  the  somewhat  unexpected  result  that 
there  was  a  considerable  proportion  of  thoroughly  Arctic  species 
among  the  plants,  including  such  distinctly  northern  forms  as  Salix 
polaria  and  Bettda  natui.  The  following  is  a  complete  list  of  the 
plants,  as  far  as  we  have  been  able  to  determine  them : — 

LiRT  OF  Specibs  Obtained. 


Mnnuneulus  aguatilit,  L.,  Fruits. 
jS.  BceUratus,  L.,  Fruit. 
M.  reptnt,  L.,  Fruit. 
jS.  Fiammulay  L.,  Fruit. 
JMtw  ItUeu8y  L.,  Stones. 
Comarum  palustre,  L.,  Fruits. 
Hippurit  vulgarUj  L.,  Fruits. 
(BnantKt  PheUandi-ium^  Lam.,  Fruits. 
Comtu   ianguin$af    L.,    one    unusually 

large  seed. 
Biditu  eemua,  L.,  Two  fruits. 
Ceratophyllum  demertum,  L.,  Fruits. 
Ainu*  fflulinosa,  Gaertn.,  Cones  &  Seeds. 
B«tula  ttana,  L.,  Leaves. 
Salix  polaria^  Wahlb.,   A  stem,  leaves 

and  fruits. 


S.  myrtiniteif  L. ,  Leaves  and  fruit. 
Taxua  haeeata^  L.,  Wood  and  a  seed. 
Finns,  sp ,  Bark. 
Sparganium  ratnotum,  L.,  A  whole  fruit, 

and  one  bitten  in  two. 
Fotamogeton  puaillui,  L.,  Fruit. 
F,  triehoideSf  Cham.,  Fruit. 
F.  rufeicens,  Schrad.,  Fruit. 
F.  pectinatut,  L.,  Fruit. 
P.  eriaput,  L.,  Several  fruits. 
Seirpu*  lacustris,  L.,  Fruit. 
Se,  paueiflorut,  Lightf.,  Fruit. 
Ekoeharii  palustris,  L.,   An  imperfect 

nut. 
Carex  ampullaeea,  L.,  Fruits. 
Chora t  sp.,  One  nuciUe. 
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Motns. 


Brachytheeium  rutaiuimm,  Bruch.  and 

Schimp. 
AtnMytUgium  JImtant,  Mitt 
Bylocomnium  tquarrotwi^  Schimp. 
Campylium  atelUtum,  Mitt. 
Aeroceratimm  iarmentoium^  Mitt. 


A,  eutpidtUum^ 
PhiUmoti*  fonUmm^  Riid. 
Wthera  MUmtUf  Schimp. 
BiyumpaiUmt,  8w. 
Mnium  punctatum^  L. 


These  mosses  are  all  fragments  of  stems  with  the  leaves  attached, 
and  often  much  decayed.  We  are  indebted  to  Mr.  Mitten  for  kindly 
identifying  them. 

A  glance  at  the  list  of  flowering  plants  shows  that  the  flora  with 
which  we  have  to  deal  was  an  Arctic  one,  corresponding  in  some 
respects  to  that  of  Iceland.  The  presence  of  the  two  Salieei  and 
Betula  nana  is  sufficient  evidence  of  this,  which  is  confirmed  by  the 
mosses,  of  which  Mr.  Mitten  remarks  that  they  look  like  a  lot  of 
bits  drifted  down  in  a  mountain-stream.  AcroeeraHum  sarmaUonm 
is  especially  noteworthy  as  being  an  Alpine  moss,  growing  in  the 
mountains  of  Eillamey,  Scotland,  eta 

Salix  myrnnitea  has  not  hitherto  been  recorded  as  a  fossil  plant 
The  foliage  attributed  to  **  bilberry "  in  Prof.  Prestwich's  paper 
was  that  of  this  species,  which  bears  a  resemblance  to  the  leaves 
of  a  Vaccinium  on  cursory  examination.  Comua  aanguinea  is  repre- 
sented by  a  single  seed  so  laige  that  we  were  for  a  long  time  dubioas 
as  to  its  belonging  to  this  species,  but  it  seems  impossible  to  refer  it 
to  any  other,  and  we  must  conclude  it  to  be  merely  an  unosually 
large  form.  The  fruits  referred  to  dkianthe  PheUandrium  are  excep- 
tionally small  (iV  inch),  but  otherwise  correspond  exactly  with  oar 
recent  specimens. 

As  is  usual  in  these  deposits,  there  is  a  large  proportion  of 
aquatics,  and  plants  which  occur  on  the  damp  edges  of  streams  and 
the  banks  of  lakes,  whence  their  seeds  have  drifted  into  the  mud  at 
the  bottom,  and  nearly  all  are  plants  still  occurring  in  high  latitudes, 
but  there  are  several  species  not  truly  Arctic,  at  least  at  the  present 
day ;  these  are  Tazua  baccata^  Sparganium  ramowmf  C^>mu«  Man- 
guineay  and  Poiamogeton  trichoides,  Bidens  cemua  is  not  included 
in  Hooker's  distribution  of  Arctic  plants  (Trans.  Linn.  See.  vol.  xxiiu 
p.  251),  but  B,  tripartita  is.  B,  cemua  however  seems  to  go  up  north 
almost  as  far  as  B.  tripartita,  though  it  appears  to  be  less  common 
everywhere.  On  the  other  hand,  we  have  Salix  polaris,  only  occur- 
ring now  in  very  high  Arctic  latitudes.  This  species  we  know  from 
other  deposits  was  much  more  widely  distributed  in  Glacial  and 
Postglacial  times.     It  has  been  found  in  Prussia. 

The  flora  thus  suggests  the  approach  of  a  warmer  period  following 
an  Arctic  one,  so  that  the  Arctic  flora  was  not  entirely  gone  by 
time  that  the  more  temperate  one  had  come. 
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III. — FUBTHBB  ObSKBVATIONS   ON  THE  FoBM  OF  YbSUYIUS   A 

MOMTB     SOMMA. 

By  H.  J.  Johnstok-Layis,  M.D.,  F.G.S.,  B.-ds-S. 

IN  the  year  1884  a  paper  of  mine,  entitled  ''The  Geology  of  fi 
Somma  and  Yesayius/'  was  published  (Quart  Joum.  OeoL 
voL  xL  pp.  35  to  119)»  in  whioh  I  proposed  a  new  explanatio 
the  peculiarities  in  form  of  this  voloano.  An  endeavour  was  i 
to  show  that  the  truncation  of  Monte  Somma  by  the  serif 
explosive  eruptions,  especially  of  Phase  VL,  had  occurred  aroui 
eruptive  axis  different  from  that  which  belonged  to  the  peri< 
vesuvian  activity,  by  which  the  original  Somma  cone  had 
built  up.  Furthermore,  a  law  was  enunciated,  which  is  appli 
to  a  very  large  number  of  volcanoes,  of  which,  even  in  Italj 
following  examples  may  be  taken  in  their  order  of  perfection 
Boccamonfina,  Mt.  Vultura,  Etna,  Stromboli,  Vulcano,  and  son 
the  Boman  ones.  The  following  are  some  of  the  words  c 
''  There  is  very  good  reason  to  deny  the  concentricity  of  the  ] 
crater  of  the  Atrio  with  the  original  cone  of  Monte  Somma. 
within  a  cone  we  scoop  out  an  inverted  conical  hollow  aroun 
axis  eccentric,  but  parallel,  to  that  of  the  solid,  we  shall  havi 
included  space  bounded  by  an  annular  ridge,  not  horizontal, 
sloping  down  in  the  direction  of  the  axis  of  excavation,  and  inc 
proportionally  more,  the  further  the  axis  of  excavation  is  rem 
from  that  of  the  solid. 

''  It  is  just  with  such  a  condition  of  things  that  we  have  to 
in  the  present  instance.  If  we  measure  the  distance  of  the  mc 
eruptive  axis  (i.e.  the  centre  of  Vesuvius),  from,  say,  the  650  m 
contour-line  on  the  northern  slope  of  Somma,  and  compai-e  it 
that  of  the  same  line  on  the  south,  we  shall  find  that  this  a: 
between  ^  850  and  950  metres  to  the  south  of  the  centre  ol 
contour-lines  of  the  ancient  Somma.  In  a  regular  cone,  sue 
we  suppose  this  ancient  volcano  to  have  been,  the  centre  o 
contour-line  would  be  the  eruptive  axis  of  the  mountain. 

**  From  these  facts  we  must  conclude  that  although  the  erup 
that  excavated  the  great  crater  of  the  Atrio,  and  subsequently 
up  the  cone  of  Vesuvius,  occurred  from  the  same  axis,  this 
nearly  a  kilometre  to  the  south  of  the  ancient  one,  of  the  pri 
cone  of  Somma. 

''It  seems  also  that  the  modem  axis  is  slightly  displaced  t 
west  of  south;  but  from  the  obscured  features  of  the  groun< 
exact  amount  cannot  be  accurately  measured,  although  it  was  h 
south-west,  as  thought  by  Prof.  Phillips. 

"This  change  in  the  position  of  the  eruptive  axis  appears 
the  most  rational  explanation  of  the  great  difference  in  heig 
nearly   500  metres,  between  the  southern  and   northern   rid 
Monte  Somma." 

I  showed  that  at  the  same  time  the  hypotheses  given  by  e 

1  This  JB  an  error  of  calculation :  it  Bhouid  \)e  \>QtN?eeTv.  K^h  vsA  V\b. 
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writers  were  insufficient  to  explain  the  greater  truncation  of  tbe 
Sorama  cone  to  the  south. 

Prof.  Pasquale  Franco  last  year  published  a  paper,  **  II  Yesavio  ai 
tempi  di  Spartaco  e  di  Strabone/'  Atti  dell'  Aooad.  Pontaniana, 
vol.  xvii.,  in  which  my  views  are  severely  oriticized,  and  a  new 
hypothesis  put  forward  to  explain  the  lower  tmncation  of  Somma  to 
the  south. 

My  critic  commences  by  accusing  me  of  having  neglected  mention- 
ing that  Palmieri  had  pointed  out  that  in  pre-Plinian  times  the 
lower  edge  of  Somma  was  to  the  south,  and  he  overlooks  the  fact, 
that  this  was  so  evident  to  any  one  who  had  devoted  attention  to  the 
subject,  that  it  would  have  been  prolix  to  mention  it  again.  What  I 
really  did  was,  taking  such  for  granted,  to  give  a  rational  explanation 
of  the  cause  of  it. 

llie  next  objection  is  raised  against  my  supposition  that  the 
cone  of  Somma  was  a  regular  one  before  its  tmncation.  There 
is  no  evidence  whatever  that  it  was  otherwise,  for  the  following 
reasons :  let,  It  was  built  up  by  the  constant  and  regular  emission 
of  lava,  at  any  rate  while  a  mantle  of  from  300  to  400  metres 
were  added  to  its  flanks,  as  evidenced  by  the  great  section  of 
the  Atrio,  conditions  which  result  in  the  construction  of  a  fairly 
symmetrical  cone  obliterating  old  irregularities,  examples  of  whi<^ 
we  have  in  the  Vesuviau  cone  itself,  Etna,  eta  2nd,  The  plan  of  tbe 
base  of  the  whole  mountain  was  nearly  circular  (it  is  now  being 
deformed  and  extended  by  the  lavas  and  alluvions  being  directed 
more  to  its  south,  east  and  west  sides). 

I  am  then  blamed  for  choosing  the  650  contour-line  to  find  the 
original  axis  of  Somma,  and  my  critic  proceeds  to  try  my  method  on 
that  and  eight  other  contour  lines,  on  a  section  40°  N.  of  E.  to  40°  S. 
of  W.,  which  was  not  the  line  I  chose,  always  with  the  result  that 
the  Vesuvian  axis  is  found  displaced  430  metres,  the  minimum  dis- 
placement being  300  and  the  maximum  620.  My  reason  for  choosing 
the  650  contour-line  was  that  it  is  the  highest  limit  of  the  Atrio 
crater,  or  the  Somma  edge  on  the  south,  and  as  a  ridge  obviously 
less  exposed  to  alteration  in  height  than  the  slopes  below,  according 
to  well-known  mechanical  principles  of  denudation,  and  the  repose  of 
material.  The  deposits  of  lava,  etc.,  on  this  point  cannot  amount  to 
many  metres,  whilst  on  the  less  inclined  slopes  below  it  is  demon- 
strable the  lava  flows  are  much  thicker,  and  the  alluvial  deposits  very 
great  indeed,  as  examination  in  tbe  field  will  make  more  evident 
than  speculation  at  home.  My  friend  himself  admits  far  greater 
accumulations  on  the  southern  slopes,  whereas  in  the  middle  zone  of 
the  northern  slopes  of  Somma  there  has  been  more  removal  than 
addition  on  the  whole.  This  is  made  strikingly  evident  by  his  own 
table  of  calculated  eccentricities  for  six  contour-lines  below  the  650, 
which  shows,  with  one  exception,  a  continuous  and  progressive 
diminution  in  the  apparent  value  of  eccentricity,  which  the  author 
in  the  third  paragraph  of  page  11  shows  a  thorough  appreciation  of. 
But  he  immediately  contxadicts  himself  in  the  next  statement  that 
there  is  reason  to  believe  l\i^\i  >i)^<^  ^^xiV)A^M\Qxi  vq^s,  \(i>\<;^\^  ^veater  on 
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the  south  side  than  on  the  north,  and  doubts  what  oompensation  the 
modem  lavas,  etc.,  have  given.  On  the  north  side,  in  pre-Plinian 
times,  the  upper  parts  of  the  mountain  of  Somma  always  collected 
the  waters  which  at  lower  levels,  where  the  inclination  was  still 
great,  produced  enormous  erosion  on  the  northern  slopes,  as  observa- 
tions in  the  field  clearly  demonstrate.  But  at  the  same  time,  after 
the  great  crater  of  the  Atrio,  after  Phase  YI.,  had  been  filled  up, 
all  the  water  falling  on  it  would  either  sink  in  or  escape  over  the 
lower  or  southern  edge,  and  not  being  endowed  with  that  momentum 
acquired  in  falling  from  steep  slopes  above,  could  denude  little,  and 
would  rather  soon  deposit  its  rocky  burden.  Thus  there  is  every 
evidence  that  even  in  pre-Plinian  times  nature  was  trying  to  obliterate 
that  want  of  symmetry  produced  by  the  grand  explosive  eruption  of 
Phase  VL  and  their  predecessors. 

The  author  then  again  states  his  opinion  that  the  old  cone  of 
Somma  was  not  a  regular  one,  since  he  considers  that  denudation 
during  many  centunes  of  eccentric  eruptions  (here  the  author  no 
doubt  means  those  small  outbursts  with  outflow  of  lava  and  formation 
of  parasitic  cones  similar  to  the  1861  eruption)  would  have  destroyed 
that  regularity.  I  have  already  stated  my  facts  for  believing  that  the 
Somma  cone  was  a  regular  one,  and  that  so  far  as  denudation  goes, 
that  agent  of  destruction  may  be  entirely  neglected,  for  in  an  active 
volcano  of  the  kind  under  consideration,  we  should  have  a  surface 
similar  to  that  of  the  Vesuvian  cone  at  present,  that  is,  not  susceptible 
of  any  important  change  from  meteoric  agencies.  Falling  rain 
immediately  sinks  into  the  porous  lapilli,  and  sooriad,  its  energy  at 
the  moment  of  impact  being  chiefly  converted  into  heat.  It  is  only 
years  or  centuries  after  a  cone  of  this  kind  has  become  extinct,  that 
vegetation  commences  to  grow  on  the  upper  parts  of  the  mountain, 
and  so  by  rendering  the  surface  less  permeable  and  therefore  fit  to 
serve  as  a  water  collector.  Then,  the  rain  retained  on  the  surface, 
and  rushing  down  the  slopes  with  considerable  momentum,  may 
commence  to  erode  valleys.  Nevertheless,  the  symmetry  of  a  cone 
is  not  destroyed,  for  the  valleys  that  score  its  sides  are  roughly 
equal  in  size,  eta,  and  symmetrically  arranged  around  it,  like  the 
surface  between  the  ribs  of  a  half-opened  umbrella. 

As  to  eccentric  lava  eruptions,  the  only  way  in  which  they  modify 
the  symmetry  of  the  cone  would  be  in  raising  parasitic  cones  upon 
its  flanks ;  but  surely,  the  author  can  hardly  deem  these  worthy  of 
consideration  in  the  question  now  being  considered.  Would  the 
numbers  of  cones  and  craterets  on  Etna  in  any  way  influence  the 
formation  of  a  crater  of  explosion  ? 

But  to  still  more  strongly  confirm  what  I  have  asserted,  we  will 
choose  a  part  of  Monte  Somma  still  uncovered  by  lavas,  and  apply 
the  contour-line  method.  The  locality  I  shall  choose  is  the  two 
strips  of  the  mountain  which  constitute  the  Bosoo  Cognoli,  very 
lately  and  only  in  part  covered  by  lava,  and  which  bears  a  few 
degrees  S.  of  S.E.  from  the  present  axis.  It  is  therefore  evident  that 
as  this  is  at  an  angle  of  at  least  40^  with  the  line  of  displacement 
of  the  eruptive  axis,  the  calculated  results  oi  ^^xj^\iSx\ss^^  ^<^\i^^\^ 
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much  nnder  what  they  would  be  in  a  direction  N.  and  8.,  or  itill 
more  Vf.  of  S.,  ;fet  these  are  the  reftolta  : — 

Contour-line.  DiBtmoe  of  the  two  axat, 

6T6  msfaM.      ■      400  metna- 
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If  we  have  snch  an  ecoentrioity  udioated  by  observation  at  thii 
point,  tbei'e  evi<lently  must  be  ter  more  in  the  azimuth  of  displace- 
ment.  But  there  is  stili  another  geological  point  that  makea  oar 
figures  too  low,  and  that  is,  that  the  poat-Plinian  mantle,  and  probably 
the  Flinian  also,  is  very  thick  at  B.  Cognoli,  wbereaa  eroeion  bu 
been  very  active  on  the  opposite  side  of  the  voloano. 

My  learned  friend  then,  on  geometrioal  gronnds,  oaloalates  the 
proper  position  of  the  vertex  of  Somma,  and  finds  that,  adopting  the 
600  m.  oontour-line  as  the  sonthem  boundary  of  the  Atrio  crater 
edge,  a  point  opposite  and  syrometrical  would  fall  outside  a  verticsl 
line  dropped  from  the  crest  of  Somma.  This  oonld  hardly  be 
otherwise,  as  I  absolutely  reject  the  600  contonr-line  as  being  the 
edge  of  the  Atrio  crater  for  reasons  I  have  already  and  am  abtKit  to 
give.  Now,  strangely  enough,  when  my  critic  makea  uae  of  the 
650  metre  contour-line,  tie  Bymmetrioal  point  falls  within  the  vertical 
line  dropped  from  the  crest  of  Somma,  and  the  author  admits  Ibat 
"  the  theory  finds  nothing  absurd  in  ita  application."  This,  I  think, 
still  further  confirms  me  in  having  chosen  the  latter  oontonr-line  la 
being  the  moM  justifiable  to  represent  the  original  edge  of  Somma. 
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one  tniiitaltd  by  a  ci 
c  lo  th«  oHgiaul  con 
We  then  have  a  description  of  the  figure  given  (Le  Pilhire  Ji 
Ercolano  e  Contorni  IV,  p.  343),  which  is  undoubtedly  the  cone  of 
Monle  Somma  tnmcated  by  the  great  crater  of  Atrio,  the  result  of 
the  great  explosive  eruptions  of  Phase  II.,  around  an  eccentric  axis- 
The  author  then  quotes  Virgil  and  other  authors,  who  use  worJ* 
equivalent  to  (he  modem  Italian  "giogaja"  or  mounlain-iidgf, 
which  no  doubt  was  the  appearance  Somma  had  at  that  time  as  Been 
from  Nola ;  fur  now,  when  we  look  at  that  mountain  from  the  state 
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locality,  Somma  appears  as  a  beautiful  symmetrical  done,  truncated 
by  a  horizontal  serrated  ridge  (well  explained  by  the  word  "giogaja"). 

The  quotations  from  the  other  well-known  authors  agree  quite  as 
well  with  the  geological  evidence  I  have  brought  forward,  as  with 
the  figure  under  consideration,  or  as  these  agree  together,  the  one 
confirming  the  others.  It  should  be  remarked,  however,  that  none 
of  these  authors  were  scientists,  or  gave  any  detailed  description  or 
references  to  the  mountain. 

We  then  have  to  deal  with  another  geometrical  argument,  for  the 
author  points  out  that  the  plan  of  the  Atrio  crater  is  circular  (the 
interruptions  in  its  limits  are  so  many  and  so  irregular  that  circular 
is  somewhat  a  far-fetched  expression  to  describe  its  form),  whereas 
in  truncating  a  regular  coner  sensibly  an  ellipse  would  result.  This 
is  perfectly  true  when  we  deal  with  a  cone  whose  slopes  are  straight, 
but  those  of  a  volcano  are  curved  with  a  concavity  towards  the  axis. 
In  truncating  such  a  cone,  we  should  not  obtain  an  ellipse,  but  an 
ovoid.  In  truth,  in  our  present  consideration,  geometrical  arguments 
are  of  secondary  consideration,  in  comparison  to  the  physical  facts 
concerned.  In  fact,  it  is  hardly  just  to  assume  in  one  argument  that 
the  cone  of  the  old  volcano  was  very  far  from  symmetrical,  and  to 
suit  another  argument  to  consider  it  as  not  only  symmetrical,  but 
homogeneous,  which  system  of  employing  different  data  is  pursued 
throughout  the  whole  of  my  critic's  memoir.  The  central  core  of  a 
volcano  is  far  more  dense  and  compact  than  the  peripheral  parts, — 
first,  because  it  has  been  exposed  to  greater  superincumbent  pressure, 
and  secondly  to  the  intense  heat  of  the  neighbouring  chimney,  which 
has  cemented  the  fragmentary  constituents  together  into  one  solid 
compact  mass,  such  as  we  see  constituting  the  bottom  of  the  great 
Atrio  section  of  Monte  Somma,  whereas  towards  the  periphery,  we 
have  simply  thin  beds  of  lava,  loose  soorisa,  ash,  etc.  It  is  just  this 
central  resistent  nucleus  which  is  the  probable  cause  of  the  eccen- 
tricity of  explosive  eruptions,  after  long  inactivity  taking  place  at 
some  distance  from  the  old  axis.  When  the  explosive  eruption  does 
take  place,  it  will  excavate  and  erode  the  part  opposite  the  nucleus 
with  much  greater  ease.  The  consequence  of  this  is,  that  the  lower 
crater  edge  will  be  removed  further  away  from  the  new  eruptive  axis, 
so  that  in  plan,  it  may  even  appear  more  distant  from  that  axis,  than 
the  upper  edge  of  the  crater.  This  extra  destruction  of  the  peripheral 
part  will  be  greatest  near  the  lowest  edge  or  point  most  distant  from 
the  nuclear  part  of  the  volcano,  and  will  diminish,  as  we  approach 
that  part,  so  that  the  tendency  always  is  to  form  a  circular  and 
neither  an  elliptical  nor  an  ovoid-shaped  crater.  But  this  is  counter- 
balanced on  the  northern  edge,  by  subsequent  denudation,  and 
crumbling  in  of  the  Somma  crest.  Which  of  these  two  influences 
have  been  greatest  in  modifying  the  original  outlines  of  the  mountain, 
it  would  be  rash  to  speculate  upon.  Above  all  other  proofs,  however, 
of  the  modem  eruptive  axis  being  nearer  the  S.  or  S.W.  slope  of  the 
mountain  is  that  all  eccentric  lava  eruptions  below  the  650  contour- 
line  have  taken  place  within  the  southern  semicircle  since  those  of 
Phase  IV. 

DECADB   in. — TOL.  V. — WO.   X.  29 
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Before  quitting  this  part  of  the  sabject,  there  are  two  observationi 
to  make.  In  the  first  place,  my  critic  continoally  makes  me  say 
that  the  Atrio  was  formed  by  the  explosive  eruption  known  as  the 
Plinian.  Now,  this  is  displeasing  to  me,  since  I  look  upon  that 
eruption  as  of  comparatively  feeble  type,  and  also  because  I  have 
stated  the  direct  converse.  My  words  are  (op.  ciL  p.  36),  "The 
eruptions  that  excavated  the  great  crater  of  the  Atrio,  and  $uUe' 
quetUly  piled  up  the  cone  of  Vesuvius,"  and  I  devote  nearly  1 00  pages 
to  describe  these  eruptions;  and  again  (p.  37,  first  paragraph),  '*lt 
(Braeislak's  theory)  presupposes  only  one  paroxysmal  eruption,  as 
the  cause  of  all  this  great  cavity,  whereas  a  number  did  the  fsorh 
pieeemeaU*  Again,  a  similar  statement  is  made  on  p.  65,  second 
paragraph,  p.  68,  fifth  paragraph,  and  particular  attention  should  be 

Eaid  to  p.  82,  fourth  paragraph,  where  I  refer  the  great  crater  in 
trge  part  to  as  far  back  as  the  explosive  eruption  of  Phase  VL 
period  1. 

I  take  this  opportunity  of  mentioning  an  observation  I  have  made 
since  I  wrote  my  paper,  namely,  that  the  slope  of  the  Y^uvian 
cone  is  steeper  on  the  N.E.  than  on  the  S.W.,  as  if  its  axis  were 
undergoing  gradual  displacement  in  that  direction,  that  is  to  say,  the 
reverse  of  what  occurred  in  pre-Pliuian  and  Plinian  times.  May 
not  the  chimney  of  the  volcano  not  having  a  straight  course,  result 
in  this  eccentricity  consequent  upon  its  being  gradually  worn  so  by 
the  constant  transmission  of  fluids  through  it  ? 

Having  to  the  author's  own  satisfaction  demolished  my  theory,  he 
proceeds  to  replace  it  by  one  of  his  own  which  we  will  now  examine. 
His  theory  is  that  the  prevalent  wet  wind  being  the  Sdrroceo,  or  South 
wind,  that  impinging  on  the  southern  crater  ridge  has  demolished 
it,  leaving  the  northern  intact,  and  quotes  to  support  his  statement 
the  difference  in  the  denudation  going  on  upon  the  Kasia  chain  of 
Sikkim,  where  in  a  distance  of  20  miles  the  difference  of  rainfall  is 
as  1  to  8^.  Surely  the  author  would  not  compare  an  isolated  peak 
with  a  high  range  of  mountains.  The  distance  between  the  two 
ridges  of  Somma  is  not  more  than  four  kilometres,  yet,  we  are 
to  believe  that  the  one  part  of  Somma  for  a  height  of  500  metres 
has  been  swept  away,  leaving  the  other  portion  intact  Moreover, 
the  author  fails  to  take  into  consideration  that  for  any  amount  of 
rainfall  to  produce  a  denuding  effect,  it  must  be  collected  together 
on  an  impermeable  surface,  from  which  it  must  acquire  momentum 
before  it  can  exert  appreciable  erosive  action.  Another  fact  put 
forward  to  support  the  author's  view  is  that  one  side  of  the  tower 
of  Notre  Dame  of  Paris  is  much  more  weathered  than  the  other, 
due  to  prevalent  winds.  The  author  would  have  done  better  had  he 
been  silent  upon  this,  for  in  the  one,  we  have  the  result  of  weather- 
ing due  to  frost,  wetting  and  drying  and  dissolving  the  stone,  and  the 
other  to  true  surface  erosion.  If  we  take  the  loss  of  a  few  milli- 
metres from  the  surface  of  Notre  Dame  during  some  centuries  of 
exposure  of  a  comparatively  soft  stone,  and  then  estimate  how  long 
a  considerable  ridge  oC  lavas,  scoriaa,  etc.,  500  metres  high,  would 
i^oire  to  be  denuded  at  W\ft  sBitcivi  \^\,^>  >is<b  ^Q.\i\.^  ^^yi^  \.W.  this 
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action  must  at  least  be  oontinued  somewhere  back  in  early  geological 
time,  and  would  render  any  astronomer  or  physicist  most  impatient 
in  hurrying  geologists  up  for  time.  Lastly,  where  have  all  the 
resulting  materials  gone?  for  they  would  be  sufficient  to  entirely 
change  the  south  slopes  of  the  mountain.  Had  my  critic  studied 
the  field  geology  of  that  region  near  the  coast,  he  might  observe  the 
pumioes  of  Phase  YI.  covered  only  by  a  few  metres  of  alluvial 
breccia. 

Lastly,  if  Prof.  Franco's  explanation  was  feasible,  it  should  be 
applicable  to  all  the  volcanoes  in  its  neighbourhood.  Now,  Bocoa- 
monfina,  which  so  strikingly  resembles  Yesavius  in  size,  shape,  and 
many  of  its  rocks,  has  the  lower  lip  of  its  crater  of  explosion  directed 
to  the  opposite  points  of  the  compass,  to  that  of  Monte  Somma,  but 
no  one  would  dare  assert  the  prevailing  winds  to  differ  at  Boooa- 
monfina. 

ConclusiotiB. — That  the  picture  discussed  by  the  author  is  a  very 
fair  representation  of  Somma  truncated  by  an  eccentric  crater  pro- 
duced by  the  explosive  eruptions  of  Phase  YI. 

That  ancient  writers'  accounts  correspond  fairly  well  with  this 
figure,  and  the  result  of  geological  investigations. 

That  the  Plinian  eruption  took  place  together  with  its  successors 
around  the  same  axis,  as  the  explosive  eruptions  of  Phase  YL 

I  would  remark  that  this  is  a  general  statement;  it  is  highly 
probable  that  not  one  of  the  great  eruptions  were  from  exactly  the 
same  geometrical  axis;  but  by  saying  the  same  axis^  I  understand 
approximatively  the  same  for  practical  considerations.  In  fact,  it  is 
very  doubtful  if  the  axis  is  exactly  fixed  during  the  whole  period  of 
any  one  single  eruption. 

In  fine,  I  am  deeply  indebted  to  my  friend  Prof.  Franco  for  so 
patiently  discussing  the  historical  part  of  the  subject,  and  for  giving 
ns  such  a  rich  classical  and  literary  treat,  and  really  hope  he  will 
take  up  some  other  similar  knotty  questions  bearing  on  such  an 
interesting  geological  region. 
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ON  THE   EnALIOSAUBIANS. 

By  B.  Ltdekkeb,  B.A.,  F.6.S.,  etc. 

IN  writing  Part  I.  of  the  British  Museum  Catalogue  of  Fossil 
Beptilia,  in  which  a  large  number  of  forms  are  known  solely 
by  disjecta  mevd)ra,  1  was  fully  prepared  to  find  that  many  of  my 
determinations,  which  are  frequently  provisional,  would  subsequently 
need  correction.  It  is,  moreover,  highly  probable  that  there  are 
really  more  species  represented  in  the  collection  than  I  have  indicated, 
as  in  some  cases,  in  my  desire  to  avoid  the  introduction  of  new 
specific  or  generic  names  which  could  not  be  fully  substantiated,  I 
have  provisionally  included  under  generic  or  specific  headings 
specimens  which  may  prove  to  indicate  distinct  forms.  I  have 
lately  had  the  advantage  of  going  over  a  considerable  ^«kxt  <^^  NJckSk 
Dinosaurian  collection  with  Prof.  Marsh,  w\io  "haft  -^ovcvX^Sl  w>X.  \a  \£^^ 
several  erroaeoaa  determinations,  the  moat  imT^xXaiiV.  ol  ^\ias2^^  ^^ 
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glad  to  take  an  early  opportunity  of  correcting.  I  am  also  indebted 
to  Dr.  Baur  for  pointing  out  a  less  excusable  error  in  regard  to  the 
serial  position  of  Oeo»auru$. 

At  tbe  same  time  I  take  tbe  opportunity  of  adding  some 
observations  regarding  my  papers  on  the  lohthyopterygia  and 
Sauropterygia  published  in  the  July  and  August  numbers  of  this 
Magazine,  which  were  written  in  the  hope  of  inviting  criticism  of 
which  advantage  might  be  taken  in  the  second  part  of  the  Museum 
Catalogue. 

In  the  diagnosis  of  the  Pythonomorpha,  Prof.  Cope  has  been 
followed  ;  and  I  have  omitted  to  notice  that  Prof.  Marsh  ^  has  figured 
a  sternum  in  one  genus.  Following  Owen  '  and  Piotet '  6eo$afmt$ 
is  placed  in  the  Pythonomorpha.  Wagner  has,  however,  pointed 
out  its  relationship  to  Crtcosaums,  In  the  crashed  vertebne  of  the 
type  one  of  the  transverse  processes  has  been  mistaken  for  the 
neural  spine;  and  the  apparently  procoslous  character  of  some  of 
the  centra  seems  to  be  due  entirely  to  the  effects  of  pressure.  The 
vertebraa,  indeed,  are  truly  Crocodilian  ;  and  it  seems  that  the  genus 
(with  which  Oricosaurus  is  probably  identical)  should  form  the  type 
of  a  distinct  subfamily  of  Crooodilia,  characterised  by  the  presence 
of  a  sclerotic  ring,  and  the  absence  of  a  lateral  vacuity  in  the 
mandible.  This  subfamily  Oeosaurina  should  be  placed  next  tbe  sub- 
family MetriorhynchiMB  of  the  Teleoaauridat  since  the  skull  of 
Cricosaurus  is  essentially  of  the  type  of  that  of  MeiriarhffnehuB ; 
with  which  genus  I  had,  indeed,  proposed  to  identify  it.  From  the 
similarity  in  the  teeth  it  is  possible  that  PrtBtichampaa,  of  the  Lower 
Eocene,  may  prove  to  be  a  late  survivor  of  the  Oeoeaufifue. 

The  vertebras  of  Bothrioapondylus  auffosus  appeared  to  me  to  resemble 
the  figure  of  the  vertebra  of  CreosauruSy  but  Prof.  Marsh  states  that 
they  undoubtedly  belong  to  an  immature  member  of  the  Sauropoda, 
which  may  be  identical  with  one  of  the  Kimeridgian  species  of 
Omiihopsis,  The  vertebra  of  B,  robustM  is  probably  also  referable 
to  the  same  suborder,  and  may  belong  to  an  immature  Cetiosaums, 

The  two  calcanea  provisionally  referred  on  p.  225  to  Jgwmodon 
are  also  recognized  by  the  same  authority  as  Sauropodous.  llie 
teeth  provisionally  assigned  by  Sir  R.  Owen  to  Hylaosaurua,  and 
entered  on  p.  1 80  under  that  heading,  Prof.  Marsh  recognizes  as 
undoubtedly  Sauropodous,  having  some  resemblance  to  those  of 
Diplodocus.  This  would  remove  any  bar  to  Sir  R.  Owen's  identification 
of  Regnosaurua  with  Hyloeoaaurna ;  but  the  former  may  equally  well 
be  identical  with  the  later  Polacanihua,  although  probably  too  large 
to  belong  to  Vectiaaurus,  on  the  assumption  that  the  latter  belongs 
to  tbe  Scelidoaaurtda,  Assuming  that  these  teeth  are  truly  Sauro- 
podoup,  the  small  size  of  the  tooth  referred  by  Phillips  (and  probably 
correctly)  to  Cetioaaurua  Oxonienaia  suggests  that  they  may  belong  to 
the  smaller  C.  brevis,  which  would  then  be  proved  to  differ  widely 
from  Ornithopaia  {"^  Feloroaaurua) ,  which  had  large  teeth. 

'  AmoT.  Joum.  ser.  3,  "vol.  ii\x."^l.  \,  (1880V 

*  Odontography,  p.  ^63.    It,  is  i^o\\i\«^  quX.  \)cia\. 'Oda -s^K^x^r  ^Y^xQximate  to  the 
Crocodilian  tvpe. 
*  PaJeontoIogie,  2nd  editaou,  p.  5Q^. 
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It  is  not  improbable  that  the  mandibular  ramus  entered  on  p.  227 
as  a  young  Iguanodont  may  really  indicate  a  smaller  adult  form 
allied  to  Laosaurus  or  Camptonoita,  in  which  event  the  undetermined 
femur  mentioned  on  p.  195  may  perhaps  belong  to  the  same  form.  I 
am  also  inclining  to  the  opinion  which  was  suggested  in  the  Catalogue, 
that  some  of  the  portions  of  pectoral  and  pelvic  girdles  entered  under 
the  hesul  of  Iguanodon  Bemissartensis  may  indicate  a  second  large 
species  of  Wealden  Iguanodont 

I  am  further  indebted  to  Prof.  Marsh  for  pointing  out  that  the 
name  Omo»aurw  is  preoccupied  by  Leidy  (Proc.  Aa  Nat  Sci.  Phila. 
1856,  p.  256).  Since,  however,  the  form  so  designated  is  known 
only  by  the  preliminary  description,  I  do  not  intend  to  propose  a 
new  name ;  more  especially  since  I  think  it  not  improbable  that 
Stegosaurus  is  generically  inseparable  from  Omosaurus,  in  which 
case  the  former  name  should  be  adopted. 

Turning  to  the  Enaliosaurians,  Prof.  Marsh  informs  me  that 
Bapianodon  shows  no  trace  even  of  a  dental  groove,  and  it  would  there- 
fore seem  that  Dr.  6aur*8  suggestion  as  to  the  generic  unity  of  this 
form  with  Ophthalmosaurua  is  not  well  founded. 

In  regard  to  Plesiosaurus  Oxoniensia  {suprci,  p.  352),  a  visit  to  the 
Oxford  Museum,  where  I  have  seen  the  whole  of  the  type-specimens, 
has  shown  that  the  skeletons  in  Mr.  Leeds'  collection  indicate  a  form 
so  much  superior  in  size  to  the  type  of  that  species,  that  I  am 
inclined  to  think  it  will  be  safe  for  the  present  to  retain  for  them 
the  name  of  P.  eurymeruSf  although  I  can  see  no  structural  difiference 
in  the  vertebrsd.  Both  the  pectoral  girdle  and  the  limb-bones  figured 
by  Phillips  under  the  former  name  are  from  a  different  locality  from 
the  vertebral  column,  and  I  now  think  are  probably  both  referable 
to  P.  plicatus.  This  pectoral  girdle  when  entire  was  of  the  type  of 
that  of  the  so-called  Elasmosaurus.  In  these  notes  I  have  used  the 
term  Plesioaaurus  in  its  wider  sense.  With  regard  to  P.  philarchuSy 
which  I  was  inclined  to  include  in  Thaumaiosaurus,  I  have  since  seen 
reasons  which  have  induced  me  to  regard  this  form  as  indicating  a 
new  genus  connecting  Thaumaioaaurus  with  Pliosaums, 

Finally,  I  must  offer  my  apologies  to  Prof.  Cope  for  the  statement 
regarding  Elaamosaurua  {auprd.,  p.  356).  In  a  separate  copy  in  the 
Museum  Library  of  the  memoir  to  which  I  have  alluded  the  figure 
of  the  skeleton  is  given  in  the  reversed  manner  I  have  mentioned. 
This  copy  belongs,  however,  to  an  advance  issue,  of  which,  I  am 
informed,  the  greater  portion  was  suppressed,  and  in  the  serial 
itself  the  erroneous  restoration  and  the  accompanying  letterpress 
have  been  amended. 

V. — An  Undbsobibed  Cabbonifkrous  Fossil. 
By  Prof.  T.  Kupbbt  Jonbs,  F.E.S.,  and  Dr.  Hy.  Woodward,  F.R.S. 

IN  the  Museum  of  Practical  Geology,  London,  is  a  remarkable 
specimen,  marked  D  V^,  which  the  late  Mr.  J.  W.  Salter  referred 
to,  in  the  '  Quart.  Joum.  Geol.  Soc.'  vol.  xix.  1863,  p.  92,  as  **  a  huge 
bivalve  Crustacean,"  .  .  ,  "with  a  carapace  1  \xi(i\i^^ \avi^r  ^8^*^% 
It  the  name  ** DithyrocariB  jpJioladomya'*     It  \a  m  «k  ^^xV \B^^»ftR«v^^ 
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BBndBtoDe,  from  the  "  CarboiiifeniuB  Shalea"  (or  Lower  Limettene 
of  the  Carbonirerous-Litnestone  eeriea),  of  Berwick- npon- Tweed, 
In  the  "Catalogne  of  the  Collection  of  FosbiIb  in  the  M.P.G.,"  1865, 
p.  116,  it  is  referred  to  m" Di(hyroeari»  fikoladiforma" ;  bat  whether 
or  no  this  ipeoifio  name  waa  an  alteiation  made  by  Mr,  Sallw 
himself  ia  donbtful. 

The  Bpecimen  consieta  of  two  oonnteiparte,  one  on  eeoh  moiety  of 
the  split  slab,  showing  impresBione  of  tbe  outside  of  one,  and  of  a 
part  of  tbe  inside  of  the  other  valve. 

"  Seven  incbsa "  was  evidently  not  the  whole  length  of  this 
extraordinary  bivalved  specimen,  for  probably  more  than  an  inch 
baa  been  broken  off  at  one  end.  Its  width  (height)  is  not  wholly 
seen,  for  one  valve  (lying  oppermost),  broken  away  from  the  olber, 
is  shifted  upwards  to  some  extent  over  the  perhaps  more  perfect 
dorsal  edge  of  the  other  valve,  and  thns  has  lost  probably  a  quarter 
or  half  an  inch   in  that   dimension.     See   woodcut,    Fig.   1 ;  half 


natural  size.     As  it  lies  in  the  stone,  it  has  a  boat-shaped  outline, 

with  an  alraoat  symmetrically  elliptical  curve  on  the  lower  border. 
The  back,  or  upper  edge,  may  have  been  either  straight,  or  slightly 
convex,  in  it«  middle  two-fourths ;  but  it  eloped  downwards  at  a 
low  angle  towards  the  extremities  on  each  of  its  terminal  fonrths. 
Hence,  both  in  front  and  behind,  at  the  junction  of  the  two  doreal 
edges,  there  would  he  a  elope,  if  the  fossil  were  of  a  real  bivalved 
form  :  or  a  narrow  slit,  if  the  valve's  lay  open,  or  if  it  were  orifrinally 
buckler-sliaped,  but  since  folded  up.  Numerous  concentric  lines  of 
growth  run  parallel  with  the  free  edges ;  they  are  irr^ular  in  their 
thickneBses,  and  are  thrown  into  undulations  by  about  twelve 
trsnsverae,  radiating  furrows  and  riilges  of  the  valves.  These 
flexures  are  more  strongly  pronounced  on  that  moiety  of  the  valve 
which  happens  to  be  more  perfect  than  the  other. 

The  underlying  valve  or  lateral  moiety  shows  the  lower  part  of 
the  inner  surface,  below  the  outer  or  lower  edge  of  the  valve  ih&i 
lies  uppermost.     It  shows  longitudinal,  concentric  lines  and  trans- 

^lene  ondulations,  B\m\\B,T  \a  Wnjae  on.  "iS^e  (iiVw  '^■verlying)  valve. 

*•»"•  DiAtrix  lies  between  ttis  vsAraea,  «&  ^ti-HXi.  Vj  ^-i»m>^-«  -nafsaii. 
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That  this  large  and  apparently  onoe  thin  and  tough  bivalved 
specimen  should  have  been  referred  to  by  Mr.  Salter  as  belonging 
probably  to  the  Phyllopoda  would  go  far  to  induoe  us  to  support  his 
view,  if  we  knew  of  any  analogous  form  among  that  group.  As 
a  bivalved  Crustacean,  however,  the  apparently  equal  ends  of  the 
valves,  and  their  radiating  furrows,  are  out  of  place  or  quite  abnor- 
mal. If  looked  at  as  an  Apudiform  or  buckler-shaped  form,  folded 
down  the  middle,  the  same  objections  occur.  The  probable  slit  at 
each  end  would  serve  for  either  case,  though  not  quite  fitting  with 
the  latter. 

It  is  less  difficult  to  find  an  analogue  for  this  specimen  among  the 
Bivalved  Molluscs.  Thus  Siliqua  radiaia,  Linn.,  has  a  straight,  feeble 
hinge-line,  and  concentric  strise,  but  radiating  colour-lines  instead  of 
furrows.  In  Soletellina  vtolcieea,  Lamarck,  the  hinge  and  umbo  are 
stronger  than  in  the  foregoing;  there  are  concentric  striss,  and  the 
radiating  faint,  colour-lines,  are  slightly  raised.  Both  Pholas  and 
Pholadomya,  of  course,  have  transverse  ridges  and  furrows  somewhat 
analogous  to  those  of  our  fossil,  but  their  other  features  do  not 
coincide.  CUdophorus  has  a  straight  hinge  and  radiating  riblets ; 
but  the  latter  start  from  an  umbo  near  one  end ;  and  the  valves 
have  a  shape  different  from  that  of  the  specimen  under  notice. 

Having  thus  noticed  this  interesting  specimen,  we  must  for  the 
present  leave  its  more  definite  generic  relations  indeterminate,  hoping 
that  fresh  material  may  turn  up  through  the  energy  of  local  observers 
and  collectors  whose  attention  is  now  again  called  to  it.  Although 
at  present  the  position  of  this  fossil  must  remain  doubtful,  yet,  for 
the  sake  of  convenience  of  reference  and  cataloguing,  it  may  in 
future  be  known  as  SaUerina  pholadiformiB,  Salter,  sp. 

YI. — Additional  Note  on  the  Blue  Hornblende  of  Mtntdd 

Mawb. 

By  Alfred  Habkbb,  M.A.,  F.6.S., 
Fellow  of  St.  John's  College,  Cambridge. 

IN  the  short  description  of  the  Mynydd  Mawr  rock  given  in  the 
May  Number  of  this  Magazine  (p.  221),  I  drew  attention  to  a 
remarkable  blue  hornblende,  which  I  was  unable  to  refer  to  any 
known  variety.  In  the  cbaraoter  of  its  absorption  and  pleochroism 
it  differed  widely  from  both  glaucopbane  and  arfvedsonite,  although 
allied  to  them  in  some  of  its  properties,  such  as  its  extreme  fusibility, 
splinters  melting  easily  in  the  flame  of  a  candle. 

A  paper  by  Dr.  Saner  of  Leipzig,  which  has  just  appeared/ 
throws  considerable  light  on  the  subject,  and  makes  it  appear  that  we 
have  here  a  new  mineral  of  considerable  interest.  Among  the  rooks 
collected  in  the  island  of  Socotra  by  the  late  Dr.  Iliebeck  is  a  pink 
felspar-granite  containing  black  crystals  up  to  5  mm.  in  length. 
This  is  the  mineral  which  has  been  named  Riebeckite  in  honour  of 
the  traveller,  and  which  presents  the  closest  resemblance  to  that 
occurring  in  the  quartz-porphyry  of  Mynydd  Mawr.     It  has  been 

1  Zeitaoh.  d.  Deutsoh.  geol.  OeMllsch.  vol  xl.  p.  138,  1888. 
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examined  optically  by  Prof.  Roeenbasch,  who  writes  as  follows  :  "  It 
was  determined  on  more  than  20  oleavage-flakes,  that  the  axis  of 
elasticity  which  makes  an  angle  of  only  about  5^  with  c  is  a,  not  7, 
as  in  the  [other]  amphiboles ;  its  colour  is  dark  blue  ;  6=/3,  a  rather 
less  deep  blue  ;  7,  which  is  almost  perpendicular  to  <;,=green.  Axial 
angle  large.  The  characters  are  thus  surprisingly  like  those  of 
aegirine  among  the  pyroxenes.'*  That  riebeckite  holds  chemically, 
as  well  as  optically,  the  same  place  among  the  amphiboles  as  aegirine 
does  among  the  pyroxenes,  appears  from  Sauer's  analysis.  Compared 
with  arfvedsonite,  it  shows  more  silica,  much  more  ferric,  and  less 
ferrous  oxide.  Taking  account  of  all  its  characters,  there  can  be  no 
reasonable  doubt  that  the  Mynydd  Mawr  mineral  is  riebeckite. 

The  blue  tourmaline  which  I  described,  not  without  misgivings, 
as  accompanying  the  blue  hornblende,  is,  in  all  probability,  the  same 
mineral.  Owing  to  the  almost  opaque  nature  of  the  sections,  I  was 
re<luoed  to  experimenting  on  the  minute  and  impure  crystals  with  a 
knife  and  a  candle-flame ;  so  perhaps  the  mistake  was  a  pardonable 
one  ;  the  more  so,  as  Professor  Bonney,  who  has  pointed  it  out  to  roe, 
appears  to  have  been  himself  deceived  by  the  Soootra  rielxH^kite, 
regarding  it  as  a  pseudomorph  of  tourmaline  after  hornblende.^  His 
figure  closely  resembles  the  slides  from  Mynydd  Mawr. 

Besides  the  larger  crystals  of  riebeckite,  Sauer  finds  in  the  Socotra 
granite  microlites  of  the  same  mineral  precisely  similar  to  the 
colourless  and  pale-blue  microlites  already  described  in  the  rock  of 
Mynydd  Mawr.  That  these  belong  to  riebeckite,  rather  than  to 
tourmaline,  is  proved  by  the  direction  of  maximum  absorption  being 
parallel,  not  perpendicular,  to  the  long  axis.  Sauer  regards  them  as 
due,  at  least  in  part,  to  the  secondary  alteration  of  the  felspar.  This 
last  suggestion  cannot  be  maintained  in  the  case  of  the  Welsh  rock. 
Apart  from  chemical  difficulties,  the  mode  of  occurrence  of  the 
microlites,  and  especially  their  fluxional  disposition  through  the 
ground-mass,  show  them  to  be  original  constituents  of  the  rock. 
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Bath  Meeting,  September  5th  to  12th,   1888. 

List  of  Titles  of  Papers  read  before  Section  C.  Geology. 

Professor  W.  Boyd  Dawkixb,  M.A.,  F.R.S.,  F.G.S.,  President. 

llie  President's  Address.     (See  infra  p.  459.) 

Horace  B.  Woodward,— Further  Note  on  the  Midford  Sands,    (p.  470.) 

Horace  B.  Woodward. — The  Relations  of  the  Great  Oolite  to  the 

Forest  Marble  and  Fuller's  Earth  in  the  South-west  of  England. 

(See  infra  p.  467.) 
Horace  B,  Woodward, — Note  on  the  Portland  Sands  of  Swindon,  etc. 

(See  infra  p.  469.) 
0.  W,  Jeffs. — On  Geological  Photography. 

»  Phil.  Trans.  toI.  clxxiv.  part  i.  p.  283,  1873. 
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JDr,  C,  Callaway. — Further  Notes  on  the  Origin  of  the  Crystalline 

Schists  of  Malvern  and  Anglesey. 
Dr.  C.  Callaway, — Sketch  of  the  Geology  of  the  Crystalline  Axis  of 

the  Malvern  Hills. 
Dr,   Persifor  Frazer. — ArchsBan   Characters  of    the  rocks  of   the 

Nucleal  Ranges  of  the  Antilles. 
Dr,  Persifor  Frazer. — Oligoclase  and  Quartz  with  curious  Optical 

Properties. 
Dr.  H.  W.  CroBshey. — Report  on  Erratic  Blocks, 
Dr,  H.  W.  CroBskey — On  a  High  Level  Boulder-clay  in  the  Midlands. 
W.  Whitaker. — On  the  Extension  of  the  Bath  Oolite  under  London, 

as  shown  by  a  deep  boring  at  Streatham. 
E.  Wethered. — On  the  Lower  Carboniferous  Rocks  of  Gloucestershire. 
Bev.  H.  H,  Winwood. — On  the  Tytherington  Section  to  be  seen  ou 

Saturday's  Excursion. 
Handel  Cosshamy  M.P. — ^The  Northern  Section  of  the  Bristol  Coal 

Field. 
W.  A.  E.  TJssher. — Some  points  of  interest  in  the  Geology  of  Somerset. 
Prof.  0.  C.  Marsh. — Comparison  of  the  Principal  Forms  of  Dinosauria 

of  Europe  and  America. 
H.  F.  Osbom. — The  Evolution  of  the  Mammalian  Molar  teeth  to  and 

from  the  tritubercular  type. 
Professor  A.  Gaudry. — On  the  great  size  of  some  Fossil  Mammals. 
Bev.  Dr.  A.  Irving. — Note  on  the  Relation  of  the  Percentage  of 

Carbonic  Acid  in  the  Atmosphere  to  the  Life  and  Growth  of 

Plants. 
James  Spencer. — On   the   Occurrence  of   a  Boulder  of   Granitoid 

Gneiss  or  Gneissoid  Granite  in  the  Halifax  Hard  Bed  Coal. 
Chev.  B.  E,  Reynolds. — The  Caverns  of  Luray. 
W.  Topley. — Report  on  the  rate  of  Erosion  of  the  Sea  Coasts  of 

England  and  Wales. 
Dr.  Tempest  Anderson. — The  Volcanoes  of  the  Two  Sicilies,    (p.  473.) 
Dr.  R.  J.  Johnston- Lavis. — Notes  on  the  recent  Volcanic  Eruption  in 

the  Island  of  Vulcano. 
Dr.  H.  J.  Johnston- Lavis. — Report  on  the  Volcanic  Phenomena  of 

Vesuvius. 
Dr.  H.  J.  Johnston- Lavis. — On  the  Conservation  of  Heat  in  Volcanic 

Chimneys. 
Dr.  H.  J.  Johnston- Lavis. — Note  on  a  Mass  containing  Metallic  Iron 

found  on  Vesuvius. 
Dr.  H.  J.  Johnston- Lavis. — Note  on  the  Occurrence  of  Leucite  at 

Etna. 
Prof.  E.  W.  Claypole. — Note  on  Some  Recent  Investigations  into  the 

Condition  of  the  Interior  of  the  Earth. 
J.  Logan  Lobley. — On  the  Causes  of  Volcanic  Action. 
Professor  John  Milne. — Report  on  the  Volcanic  Phenomena  of  Japan. 
0.  H.  Howarth. — On  the  recent  Volcanic  Structure  of  the  Azorean 

Archipelago.     (See  infra  p.  472.) 
Professor  G.  A.  Lebour. — Report  of  the  Earth-Tremor  Committee. 
W.  A.  E.  l7»«Aer.— The  Watcombe  Terra-Cotta  Clay. 
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A,  BeU. — Eeport  on  the  "  Manure  Gravels  "  of  Wexford. 

T,  W,  Shore. — Beds  exposed  in  the  Soathampton  New  Dock  ExoaTa* 

tion. 
Clement  Beid  and  H.  N.  Bidley. — Fossil  Arctic    Plants  from  the 

Lacustrine  Deposit  at  Hoxne.    (Printed  in  full,  see  supra  p.  441.) 
0.  W.  Lamplugh,^  Beport  on  an  Ancient  Sea  Beach  near  Bridlington. 
Professor  H.  0,  SeeUy, — On  the  Origin  of  Oolitic  Structure  in  Lime- 
stone Rock. 
Professor  F,  Bassani. — Notes  of  some  Researches  on  the  Fossil  Fishes 

of  Chiav6n,  Yioentino. 
Professor  T.  Rupert  Jones. — Report  upon  the  Fossil  Phyllopoda  of 

the  Palaeozoic  Rocks. 
Professor  W,  C,  Williamson, — Report  on  the  Flora  of  the  Carboni- 
ferous Rocks  of  Lancashire  and  West  Yorkshire. 
Professor  H,  O.  Seeley. — On  an  Ichthyosaurus  from  Mombasa ;  with 

observations  on  the  Vertebral  Characters  of  the  G^nus. 
A,  Smith  Woodward, — A  comparison  of  the  Cretaceous  Fish-fauna  of 

Mount  Lebanon  with  that  of  the  English  Chalk.  (See  infra  p.  471.) 
A.  Smith  Woodward, — On  Bueklandium  diluvii,  Konig,  a  Siluroid  Fish 

from  the  London  Clay  of  Sheppey.     (See  infra  p.  471.) 
Bev,  Dr,  A.  Irving, — On  the  Origin  of  Graphite  in  the  Archaean 

Rocks,  with  a  review  of  the  alleged  evidenoe  of  Life  on  the  Earth 

in  Archeean  Time. 
Bev.  0.  F.  Whidbome. — On  some  Devonian  Cephalopoda  and  Gastero- 

pods. 
Bev,  0.  F.  Whidbome. — On  some  Devonian  Crustaceans. 
Bev.  0.  F.  Whidbome. — On  some  Fossils  of  the  Limestones  of  Sonth 

Devon. 
T,  Sterry  Hunt, — Mineralogical  Evolution. 
Professor  J,  F.  Blake, — Report  upon  the  Microscopic  Structure  of 

the  Older  Rocks  of  Anglesey. 
Dr.  C,  Bicketts. — On  a  Probable  Cause  of  Contortions  of  Strata. 
J,  Joly. — On  the  Temperature  at  which  Beryl  is  Decolorized. 
J.  Joly. — On  the  Occurrence  of  lolite  in  the  Granite  of  Co.  Dublin. 
W,  W,  Waits. — An  Igneous  Succession  in  Shropshire. 
C,  E.  De  Ranee. — Report  on  the  Circulation  of  Underground  Waters 

in  the  Permeable  Formations  of  England. 
W.  H.  Dalton. — A  List  of  Works  referring  to  British  Mineral  and 

Thermal  Waters. 

Titles  of  Papers  Read  before  Section  D.   (Biology)  bearing 

UPON  Geology. 

Professor  0.  C,  Marsh, — Restoration  of  Brontops  robustus,  from  the 

Miocene  of  America. 
Br.  S.  J,  liickson  and  G,  C,  Bourne, — Discussion  on  Coral-Reefs. 
Dr.  H.  Gadow. — The  Nature  of  the  Geological  terrain  as  an  important 

factor  in  the  Geographical  Distribution  of  Animals. 
C  A.  Barber. — On  Fachytheca,  a  Silurian  Alga  of  doubtful  affinities. 
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-Address  to  the  Oboloqioal  Section  of  the  British  Assooia- 
TioN,  Bath,  1888.  By  W.  Boyd  Dawkins,  M.A.,  F.R.S.,  F.G.S., 
F.S.A.,  Professor  of  (Geology  and  PaUdontology  in  Owens  College, 
President  of  the  Section. 

^  taking  the  chair  ocoapied  twenty-four  years  ago  in  this  place  by 
my  honoured  master,  Professor  Phillips,  I  have  been  much 
plexed  as  to  the  most  fitting  lines  on  which  to  mould  my  Address, 
^as  open  to  me  to  deal  with  the  contributions  to  our  knowledge 
»  our  last  meeting  in  Manchester  in  such  a  manner  as  to  place 
)re  you  an  outline  of  our  progress  during  the  last  twelve  months, 
this  task,  difficult  in  itself,  is  rendered  still  more  so  by  the 
3ial  circumstances  of  this  meeting,  attended,  as  it  is,  by  so  large 
umber  of  distinguished  geologists,  assembled  from  nearly  every 
t  of  the  world  for  the  purposes  of  the  Oeological  Congress.  It 
lid  be  presumptuous  of  me,  in  the  presence  of  so  many  specialists, 
attempt  to  summarize  and  co-ordinate  their  work.  Indeed,  we 
id  too  near  to  it  to  be  able  to  see  the  true  proportions  of  the  various 
ts.  I  will  merely  take  this  opportunity  of  offering  to  our  visitors, 
he  name  of  this  section  and  of  English  geologists  in  general,  a 
rty  welcome  to  our  shores,  feeling  that  not  only  will  our  science 
benefited  enormously  by  the  simplification  of  geological  nomen- 
ure,  but  that  we  ourselves  shall  derive  great  advantage  by  a 
ler  personal  contact  with  them  than  we  have  enjoyed  hitherto, 
^ur  science  has  made  great  strides  during  the  last  twenty-four 
rs,  and  she  has  profited  much  from  the  great  development  of  her 
3rs.  The  microscopic  analysis  of  the  rocks  has  opened  out  a  new 
I  of  research,  in  which  physics  and  chemistry  are  in  friendly 
liy,  and  in  which  fascinating  discoveries  are  being  made  almost 
by  day  as  to  metamorphism,  and  the  crushing  and  shearing  forces 
light  to  bear  upon  the  cooling  and  contracting  crust  while  the 
h  was  young.  The  deep-sea  explorations  have  revealed  the 
cture  and  the  deposits  of  the  ocean  abysses,  and  the  depths  sup- 
>d  to  be  without  life,  like  the  fabled  deserts  in  the  interior  of  Africa, 
now  known  to  teem  with  varied  forms  glowing  with  the  richest 
•urs.  From  a  comparison  of  these  deposits  with  the  stratified 
cs,  we  may  conclude  that  the  latter  are  marginal,  and  deposited 
lepths  not  greater  than  1000  fathoms,  or  the  shore  end  of  the 
bigerina  ooze,  and  most  of  them  at  a  very  much  less  depth,  and 
;  consequently  there  is  no  proof  in  the  geological  record  of  the 
in  depths  having  ever  been  in  any  other  than  their  present  places, 
Q  North  America  the  geological  survey  of  the  Western  States  has 
jght  to  light  an  almost  unbroken  series  of  animal  remains, 
^ng  from  the  Eocene  down  to  the  Pleistocene  age.  In  these  we 
the  missing  links  in  the  pedigree  of  the  Horse,  and  sufficient 
lence  of  transitional  forms  to  cause  Professor  Flower  to  restore  to 
)lace  in  classification  the  order  Ungulata  of  Guvier.  These  may 
txpected  to  occupy  the  energies  of  our  kinsmen  on  the  other  side 
tie  Atlantic  for  many  years,  and  to  yield  further  ^xooC  o^  \3Dkft  VroSXi. 
le  doctrine  of  Evolution.     The  uae  of  tkla  'wox^  Tcixi\a\%»  vcl^Xsm^ 
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mach  we  have  grown  since  1864,  when  evolution  was  under  discns- 
sion,  and  when  biological,  physical,  and  geological  laboratories  could 
scaixsely  be  said  to  have  existed  in  this  country.  Truly  may  the 
scientific  youth  of  to-day  make  the  boast 

"  We  are  much  better  off  than  our  fathers  were,"  while  we,  the 
fathers,  have  the  poor  consolation  of  knowing  that  when  they  are 
fathers,  their  children  will  say  the  same  of  them.  There  is  reason  to 
suppose  that  our  science  will  advance  more  swiftly  in  the  future  than 
it  has  in  the  past,  because  it  has  more  delicate  and  precise  methods 
of  research  than  it  ever  had  before,  and  because  its  votaries  are  more 
numerous  than  they  ever  were. 

In  1864  the  attention  of  geologists  was  mainly  given  to  the  in- 
vestigations of  the  later  stages  of  the  Tertiary  period.  The  bent  of 
my  pursuits  inclines  me  to  revert  to  this  portion  of  geological  inquiry, 
and  to  discuss  certain  points  which  have  arisen  during  the  last  few 
years  in  connection  with  the  classificatory  value  of  fossils,  and  the 
mode  in  which  they  may  be  best  used  for  the  co-ordination  of  strata 
in  various  parts  of  the  world. 

The  principle  of  homotaxy,  first  clearly  defined  by  Professor 
Huxley,  has  been  fully  accepted  as  a  guiding  principle  in  place  of 
synchronism  or  contemporaneity,  and  the  fact  of  certain  groups  of 
plants  and  animals  succeeding  one  another  in  a  definite  order,  in 
countries  remote  from  each  other,  is  no  longer  taken  to  imply  that 
each  was  living  in  the  various  regions  at  the  same  time,  but  rather, 
unless  there  be  evidence  to  the  contrary,  that  they  were  not.  While, 
however,  there  is  a  universal  agreement  on  this  point  among 
geologists,  the  classificatory  value  of  the  various  divisions  of  the 
vegetable  and  animal  kingdoms  is  still  under  discussion,  and,  as  has 
been  very  well  put  by  my  predecessor  in  this  chair  at  Montreal, 
sometimes  the  evidence  of  one  class  of  organic  remains  points  in  one 
direction,  while  the  evidence  of  another  class  points  in  another  and 
wholly  different  direction  as  to  the  geological  horizon  of  the  same 
rocks.  The  Flora,  put  into  the  witness-box  by  the  botanist,  says  one 
thing,  while  the  MoUusca  or  the  Vertebrata  say  another  thing  in  the 
hands  of  their  respective  counsel.  There  seems  to  be  a  tacit  assump- 
tion that  the  various  divisions  of  the  organic  world  present  the  same 
amount  of  variation  in  the  rocks,  and  that  consequently  the  evidence 
of  every  part  of  it  is  of  equal  value. 

It  will  not  be  unprofitable  to  devote  a  few  minutes  to  this  question, 
premising  that  each  case  must  be  decided  on  its  own  merits,  without 
prejudice,  and  that  the  whole  of  the  evidence  of  the  flora  and  fauna 
must  be  considered.     We  will  take  the  flora  first. 

The  cryptogamic  flora  of  the  later  Primary  rocks  shows  but  slight 
evidence  of  change.  The  forests  of  Britain  and  of  Europe  generally, 
and  of  North  America,  were  composed  practically  of  the  same 
elements — Sigillaiia,  Calamites,  and  Conifers  allied  to  the  Ginkho — 
throughout  the  whole  of  the  Carboniferous  (16,336  feet  in  thickness 
in  Lancashire  and  Yorkshire)  and  Devonian  rocks,  and  do  not  present 
greater  differences  than  those  which  are  to  be  seen  in  the  existing 
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forests  of  France  and  Germany.  They  evidently  were  continaoos 
both  in  space  and  time,  from  their  beginning  in  the  Upper  Silurian 
to  their  decay  and  ultimate  disappearance  in  the  Permian  age.  This 
disappearance  was  probably  due  to  geographical  and  climatic  changes, 
following  the  altered  relations  of  land  to  sea  at  the  close  of  the 
Carboniferous  age,  by  which  Secondary  plants,  such  as  VoUzia  and 
Walehia,  were  able  to  find  their  way  by  migration  from  an  area 
hitherto  isolated.  The  Devonian  formation  is  mapped  off  from  the 
Carboniferous,  and  this  from  the  Permian,  but  to  a  slight  degree  by 
the  flora,  and  nearly  altogether  by  the  fauna.  While  the  fauna 
exhibits  great  and  important  changes,  the  flora  remained  on  the 
whole  the  same. 

The  forests  of  the  Secondary  period,  consisting  of  various  Conifers 
and  Cycads,  also  present  slight  differences  as  they  are  traced  upwards 
through  the  Triassio  and  Jurassic  rocks,  while  remarkable  and 
striking  changes  took  place  in  the  fauna,  which  mark  the  division 
of  the  formations  into  smaller  groups.  As  the  evidence  stands  at 
present,,  the  Cycads  of  the  Lias  do  not  differ  in  any  important 
character  from  those  of  the  Oolites  or  the  Wealden,  and  the  Saliahuria 
in  Yorkshire  in  the  Liassic  age  is  very  similar  to  that  of  the  Island 
of  Mull  in  the  Early  Tertiary,  and  to  that  {SaliBburia  adiantifolia) 
now  living  in  the  open  air  in  Eew  Gardens. 

Nor  do  we  find  evidence  of  greater  variation  in  the  dicotyledonous 
forests,  from  their  first  appearance  in  the  Cenomanian  stage  of  the 
Cretaceous  rocks  of  Europe  and  America,  through  the  whole  of  the 
Tertiary  period  down  to  the  present  time.  In  North  America 
the  flora  of  the  Dakota  series  so  closely  resembles  the  Miocene 
of  Switzerland  that  Dr.  Heer  has  no  hesitation  in  assigning  it  in  the 
first  instance  to  the  Miocene  age.  It  consists  of  more  than  one 
hundred  species,  of  which  about  one-half  are  closely  allied  to  those 
now  living  in  the  forests  of  North  America — Sassafras,  Tulip,  Plane, 
Willow,  Oak,  Poplar,  Maple,  Beech,  together  with  Sequoia,  the  ancestor 
of  the  giant  Redwood  of  California.  The  first  Palms  also  appear  in 
both  continents  at  this  place  in  the  Geological  record. 

In  the  Tertiary  period  there  is  an  unbroken  sequence  in  the  floras, 
as  Mr.  Starkie  Gardner  has  proved,  when  they  are  traced  over  many 
latitudes,  and  most  of  the  types  still  survive  at  the  present  day,  but 
slightly  altered.  If,  however.  Tertiary  floras  of  different  ages  are 
inet  with  in  one  area,  considerable  differences  are  to  be  seen,  due  to 
progressive  alterations  in  the  climate  and  altered  distribution  of  tlie 
land.  As  the  temperature  of  the  Northern  Hemisphere  became 
lowered,  the  tropical  forests  were  pushed  nearer  and  nearer  to  the 
Equator,  and  were  replaced  by  plants  of  colder  habit  from  the 
northern  regions,  until  ultimately,  in  the  Pleistocene  age,  the  A  ratio 
plants  were  pushed  far  to  the  south  of  their  present  habitat.  In 
consequence  of  this  Mr.  Gardner  concludes  that  '*  it  is  useless  to  seek 
in  the  Arctic  regions  for  Eocene  floras  as  we  know  them  in  our 
latitudes,  for  during  the  Tertiary  Period  the  climatic  conditions  of 
the  earth  did  not  permit  their  growth  there.  Arctic  fossil  floras 
of  temperate  and  therefore  Miocene  aspect  are  in  all  probability 
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of  Eooene  age,  and  what  has  been  .recognized  in  them  as  a  newer 
or  Miocene  facies  is  due  to  their  having  been  first  studied  in  Europe 
in  latitudes  which  only  became  fitted  for  them  in  Miocene  times. 
When  stratigrapbical  evidence  is  absent  or  inconclusive,  this  an- 
expected  persistence  of  plant  types  or  species  throughout  the  Tertiariei 
should  be  remembered,  and  the  degrees  of  latitude  in  which  they 
are  found  should  be  well  considered  before  conclusions  are  published 
respecting  their  relative  age." 

This  view  is  consistent  with  that  held  by  the  leaders  in  botany, 
Hooker,  Dyer,  Saporta,  Dawson,  and  Asa  Qray — whose  recent  loss 
we  so  deeply  deplore — that  the  North  Pole  region  is  the  centre  of 
dispersal,  from  which  the  Dicotyledons  spread  over  the  Northern 
Hemisphere.  If  it  be  true— and  I,  for  one,  am  prepared  to  accept  it- 
it  will  follow  that  for  the  co-ordination  of  the  subdivisions  of 
the  Tertiary  strata  in  various  parts  of  the  world,  the  plants  are 
uncertain  guides,  as  they  have  been  shown  to  be  in  the  case  of 
the  Primary  and  Secondary  rocks.  In  all  cases  where  there  is  a 
dash  of  evidence,  such  as  in  the  Laramie  lignites,  in  which  a  Tertiary 
flora  is  associated  with  a  Cretaceous  fauna,  the  verdict  in  my  opinion 
must  go  to  the  fauna.  They  are  probably  of  the  same  geological 
age  as  the  deposit  at  Aix-la-Chapelle. 

I  would  remark  further,  before  we  leave  the  floras  behind  us,  that 
the  migration  of  new  forms  of  plants  into  Europe  and  America  took 
place  before  the  arrival  of  the  higher  types  in  the  fisiuna,  after  the 
break-up  of  the  land  at  the  close  of  the  Carboniferous  period,  after 
the  great  change  in  geography  at  the  close  of  the  Neooomian.  The 
Secondary  Plants  preceded  the  Secondary  Vertebrates  by  the  length 
of  time  necessary  for  the  deposit  of  the  Permian  rocks,  and  the 
Tertiary  Plants  preceded  the  Tertiary  Vertebrates  by  the  whole 
period  of  the  Upper  Cretaceous. 

Let  us  now  turn  to  the  fauna. 

Professor  Huxley,  in  one  of  his  many  addresses  which  have  left 
their  mark  upon  our  science,  has  called  attention  to  the  persistence 
of  types  revealed  by  the  study  of  Palaeontology,  or,  to  put  it  in 
other  words,  to  the  singularly  little  change  which  the  ordinal  groups 
of  life  have  undergone  since  the  appearance  of  life  on  the  earth. 
The  species,  genera,  and  families  present  an  almost  endless  series  of 
changes,  but  the  existing  orders  are  for  the  most  part  sufficiently 
wide,  and  include  the  vast  series  of  fossils  without  the  necessity  of 
framing  new  divisions  for  their  reception.  The  number  of  these  extinct 
orders  is  not  equally  distributed  through  the  animal  kingdom.  Taking 
the  total  number  of  orders  at  108,  the  number  of  extinct  order* 
in  the  Invertebrata  amounts  only  to  6  out  of  88,  or  about  seven  per 
cent.,  while  in  the  Vertebrates  it  is  not  less  than  12  out  of  40,  or  30 
per  cent.  These  figures  imply  that  the  amount  of  ordinal  change  in 
the  fossil  Vertebrates  stands  to  that  in  the  Invertebrata  in  the  ratio 
of  30  to  7.  This  disproportion  becomes  still  more  marked  when  we 
take  into  account  that  the  former  has  less  time  for  variation  than  the 
latter,  which  had  the  slatt  b'j  th^  Cambrian  and  Ordovician  periods. 
It  follows  also  that  aa  a  Nv\io\Q  \\i^^  V^n^  OQASi^v^^\.^se\j^x. 
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The  distribation  of  the  extinot  orders  in  the  animal  kingdom, 
taken  along  with  their  distribution  in  the  rocks,  proves  further  that 
some  types  have  varied  more  than  others,  and  at  various  places  in 
the  geological  record.  In  the  Protozoa,  Porifera,  and  Vermes  there 
are  no  extinct  orders ;  among  the  Coelenterates  one,  the  Rugosa ;  in 
the  Echinodermata  three,  Cystideans,  Edriasterida,  and  Blastoidea ; 
in  the  Arthropoda  two,  the  Trilobita  and  Eurypterida.  All  these, 
with  the  solitary  exception  of  the  obscure  order  Rugosa,  are  found 
only  in  the  Primary  rocks.  Among  the  Pisces  there  are  none ;  in 
the  Amphibia  one,  the  Labyrinthodonts  ranging  from  the  Car- 
boniferous to  the  Triassic  age.  Among  the  Reptilia  there  are  at 
least  six  of  Secondary  age,  Plesiosauria,  Ichthyosauria,  Dioynodontia, 
Pterosauria,  Theriodontia,  Dinosauria ;  in  the  Aves  two,  the  SaurursB 
and  Odontomithes,  also  Secondary.  In  the  Mammalia  the  Amblypoda, 
Tillodontia,  Condylarthra,  and  Toxodontia  represent  the  extinct 
orders — the  first  three  Early  Tertiary,  and  the  last  Pleistocene.  It 
is  clear,  therefore,  that  while  the  maximum  amount  of  ordinal 
variation  is  presented  by  the  Secondary  Reptilia  and  Aves,  all  the 
extinot  orders  in  the  Tertiary  are  Mammalian. 

If  we  turn  from  the  extinct  orders  to  the  extinct  species,  it  will 
also  be  found  that  the  maximum  amount  of  variation  is  presented 
by  the  plants,  and  all  the  animals,  excepting  the  Mammalia,  in  the 
Primary  and  Secondary  periods. 

The  general  impression  left  upon  my  mind  by  these  facts  is  that, 
while  fdl  the  rest  of  the  animal  kingdom  had  ceased  to  present 
important  modifications  at  the  close  of  the  Secondary  period,  the 
Mammalia,  which  presented  no  great  changes  in  the  Secondary  rooks, 
were,  to  quote  a  happy  phrase  of  Professor  Gaudry,  **en  pleine 
Evolution"  in  the  Tertiary  age.  And  when,  further,  the  singular 
perfection  of  the  record  allows  us  to  trace  the  successive  and  gradual 
modifications  of  the  Mammalian  types  from  the  Eocene  to  the  close 
of  the  Pleistocene  Age,  it  is  obvious  that  they  can  be  used  to  mark 
subdivisions  of  the  Tertiary  Period,  in  the  same  way  as  the  reigns 
of  kings  are  used  to  mark  periods  in  human  history.  In  ray  opinion 
they  mark  the  geological  horizon  with  greater  precision  than  the 
remains  of  the  lower  members  of  the  animal  kingdom,  and  in  cases 
such  as  that  of  Pikermi,  where  typical  Miocene  forms,  such  as 
Dinotheria,  are  found  in  a  stratum  above  an  assemblage  of  marine 
shells  of  Pliocene  age,  it  seems  to  me  that  the  Mammalia  are  of 
greater  value  in  classification  than  the  Mollusca,  some  of  the  species 
of  which  have  been  living  from  the  Eocene  down  to  the  present  day. 

Tet  another  important  principle  must  be  noted.  The  fossils  are 
to  be  viewed  in  relation  to  those  forms  now  living  in  their  respec- 
tive geographical  regions.  The  depths  of  the  ocean  have  been  where 
they  are  now  since  the  earliest  geological  times,  although  continual 
geographical  changes  have  been  going  on  at  their  margins.  In 
other  words,  geographical  provinces  must  have  existed  even  in  the 
earlier  geological  periods,  although  there  is  reason  to  believe  that 
they  did  not  di£fer  so  much  from  each  other  as  at  the  ^t^^k^xi^  ^<^^ « 
It  follows  from  this  that  the  only  just  staudaxd  iox  ^o\£i^«x\&^x^  vci 
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dealing  with  the  fossils,  and  especially  of  the  later  rocks,  is  that 
which  is  o£fered  by  the  faana  and  flora  of  the  geographical  province 
in  which  they  are  found.  The  non-recognition  of  this  principle 
has  led  to  serious  confusion.  The  fauna,  for  example,  of  the  Upper 
Sivalik  Formation  has  been  very  generally  viewed  from  the  European 
standpoint,  and  placed  in  the  Miocene,  while,  judged  by  the  stand- 
point of  India,  it  is  really  Pliocene.  A  similar  confusion  has  followed 
from  taking  the  Miocene  flora  of  Switzerland  as  a  standard  for  the 
Tertiary  flora  of  the  whole  of  the  Northern  Hemisphere. 

It  now  remains  for  us  to  see  how  these  principles  may  be  applied 
to  the  co-ordination  of  Tertiary  strata  in  various  parts  of  the  world. 
In  1880  I  proposed  a  classification  of  the  European  Tertiaries,  in 
which,  apart  from  the  special  characteristic  fossils  of  each  group, 
stress  was  laid  on  the  gradual  approximation  of  various  groups  to  the 
living  Mammalia.     The  definitions  are  the  following : — 

Divisions.  CHABAcrBBisTics. 

1.  Eocene,    or  that    in  which    the   higher        Extinct  orders. 
Mammals  (Eutheria)  now  on  the  earth  were        LiTing  orders  and  families, 
renresented  by  allied  forms  belonging  to  existing        No  Hying  genera. 

oraers  and  families. 
Oligocene. 

2.  Miocene,  in  which  the  alliance  between        Liring  genera, 
fossil  and  linng  Mammals  is  closer  than  before.        No  liring  species. 

« 

3.  Pliocene,  in  which  Uring  species  of  Mam-        Liring  species  few. 

mals  appear.  Extinct  species  predominant. 

4.  Pleistocene,  in   which    liring  species  of        Living  species  abundant. 
Mammals  preponderate.  Extinct  species  present. 

Man  present. 

6.  Prehistoric,  or  that  period  outside  history        Man  abundant, 
in  which   Man  has  multiplied  exceedingly  on        Domestic  animals  present 
the  earth  and  introduced  the  domestic  animals.        Wild  Mammals  in  retreat. 

One  extinct  Mammal. 

6.  Historic,  in  which  the  events  are  recorded        Records, 
in  history. 

These  definitions  are  of  more  than  European  significance.  The 
researches  of  Leidy,  Marsh  and  Cope  prove  that  they  apply  equally 
to  the  Tertiary  strata  of  North  America.  The  Wasatch  Bridger  and 
Uinta  strata  contain  representatives  of  the  orders  Cheiroptera  and 
Insectivora,  the  suborders  Artio-  and  Perissodactyla,  and  the  families 
VespertilionidsB  and  Tapiridas ;  but  no  living  genera.*  The  Mam- 
malia are  obviously  in  the  same  stage  of  evolution  as  in  the  Eocenes 
of  Europe,  although  there  are  but  few  genera,  and  no  species  com- 
mon to  the  two. 

'  The  genus  Veaperugo  "Viaa  Tio\.\>eexi  wi^^\?L^\«r3c^  dfttftrmined.     Cope,  Eeport  of 
G«Qkgioaf  Surrey  o!  tiieTert\\oi\«s,'Iw:^i»il^«t\^^NJ^^^'^ 
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The  White  Biver  and  Loop  Fork  Groups  present  us  with  the 
living  genera  Sciurus^  Castor,  Hystrix,  Bhinoceros,  Dieotyles,  and 
others ;  but  no  living  species,  as  is  the  case  with  the  Miocenes  of 
Europe.  In  the  Pliocenes  of  Oregon  the  first  living  species  appear, 
such  as  the  Beaver,  the  Prairie  Wolf,  and  two  Rodents  (Thomomys 
elusius  and  T.  ialpoides),  while  in  the  Pleistocene  river  deposits  and 
oaves,  from  Eschscholte  Bay  in  the  north  to  the  Oulf  of  Mexico  in 
the  south,  there  is  the  same  grouping  of  living  with  extinct  species 
as  in  Europe,  and  the  same  evidence  in  the  glaciated  regions  that 
the  Mammalia  occupied  the  land  after  the  retreat  of  the  ice. 

If  we  analyze  the  rich  and  abundant  fauna  yielded  by  the  caves 
and  river  deposits  both  of  South  America  and  of  Australia,  it  will 
be  seen  that  the  Pleistocene  group  in  each  is  marked  by  the  presence 
of  numerous  living  species  in  each,  the  first  being  remarkable  for 
their  gigantic  extinct  Edentata,  and  the  second  for  their  equally 
gigantic  extinct  Marsupials. 

The  admirable  work  of  Mr.  Lydekker  allows  us  also  to  see  how 
these  definitions  apply  to  the  fossil  Mammalia  of  India.  The  Mio- 
cene fauna  of  the  Lower  Sivaliks  has  yielded  the  living  genera 
Bhinoeeros  and  Afants,  and  no  living  species. 

The  fauna  of  the  Upper  Sivaliks,  although  it  has  only  been  shown, 
and  that  with  some  doubt,  to  contain  one  living  Mammal,  the 
Nilghai  {Boselaphus  tragocamdus),  stands  in  the  same  relation  to 
that  of  the  Oriental  region,  as  that  of  the  Pliocenes  of  Europe  to 
that  of  the  Palsearctic  region,  and  is  therefore  Pliocene.  And 
lastly,  the  Narbada  formation  presents  us  with  the  first  traces  of 
Palaeolithic  Man  in  India  in  association  with  the  living  one-homed 
Kbinoceros,  the  Nilghai,  the  Indian  Buffalo,  two  extinct  Hippopo- 
tami, Elephants,  and  others,  and  is  Pleistocene. 

It  may  be  objected  to  the  Prehistoric  and  Historic  divisions  of  the 
Tertiary  Period  that  neither  the  one  nor  the  other  properly  fall 
within  the  domain  of  Oeology.  It  will,  however,  be  found  that  in 
tracing  the  fauna  and  fiora  from  the  Eocene  downwards  to  the  pre- 
sent day  there  is  no  break  which  renders  it  possible  to  stop  short  at 
the  close  of  the  Pleistocene.  The  living  plants  and  animals  were  in 
existence  in  the  Pleistocene  age  in  every  part  of  the  world  which 
has  been  investigated.  The  European  Mollusca  were  in  Europe  in 
the  Pliocene  age.  The  only  difference  between  the  Pleistocene 
fauna,  on  the  one  hand,  and  the  Prehistoric,  on  the  other,  consists 
in  the  extinction  of  certain  of  the  Mammalia  at  the  close  of  the 
Pleistocene  age  in  the  Old  and  New  Worlds,  and  in  Australia.  The 
Prehistoric  fauna  in  Europe  is  also  characterized  by  the  introduction 
of  the  ancestors  of  the  present  domestic  animals,  some  of  which,  such 
as  the  Celtic  shorthorn  (Boa  longifrons),  Sheep,  Goat,  and  domestic 
Hog,  reverted  to  a  feral  condition,  and  have  left  their  remains  in 
caves,  alluvia,  and  peat-bogs  over  the  whole  of  the  British  Isles  and 
the  Continent.  These  remains,  along  with  those  of  Man  in  the 
Neolithic,  Bronze,  and  Iron  stages  of  culture,  mark  off  the  Prehistoric 
from  the  Pleistocene  strata.  There  is  surely  no  reason  wl\^  o*  <5».x^ 
used  hy  PalsBoUthic  Man  should  be  handed  ovex  lo  \\i<b  ^<&^^^g^%X^ 
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while  that  used  by  men  in  the  Prehistorio  age  should  be  taken  out 
of  his  provinoe,  or  why  he  should  be  asked  to  study  the  lower  strata 
only  in  a  given  section,  and  leave  the  upper  to  be  dealt  with  by  the 
archsdologist.  In  these  cases  the  ground  is  common  to  geology  and 
archsBology,  and  the  same  things,  if  they  are  looked  at  from  the 
standpoint  of  the  History  of  the  Earth,  belong  to  the  first*  and,  if 
from  the  standpoint  of  the  history  of  Man,  to  the  seoond. 

If,  however,  there  be  no  break  of  continuity  in  the  series  of  ev^ts 
from  the  Pleistocene  to  the  Prehistoric  ages,  still  less  is  therein 
those  which  connect  the  Prehistoric  with  the  period  embraced  by 
history.  The  Historic  date  of  a  cave  or  of  a  bed  of  alluvium  is  as 
clearly  indicated  by  the  occurrence  of  a  coin  as  the  geological 
position  of  a  stratum  is  defined  by  an  appeal  to  a  characteristic  fossil 
The  gradual  unfolding  of  the  present  order  of  things  from  what 
went  before  compels  me  to  recognize  the  fact  that  the  Tertiary 
Period  extends  down  to  the  present  day.  The  Historic  period  is 
being  recorded  in  the  strata  now  being  formed,  exactly  in  the  same 
way  as  the  other  divisions  of  the  Tertiary  have  left  their  mark  in 
the  crust  of  the  earth,  and  history  is  incomplete  without  an  appeal  to 
the  geological  record.  In  the  masterly  outline  of  the  description 
of  Roman  civilization  in  Britain  the  historian  of  the  English  Conquest 
was  obliged  to  use  the  evidence,  obtained  from  the  upper  strata,  in 
caves  which  had  been  used  by  refugees  from  the  cities  and  villas ; 
and  among  the  materials  for  the  future  history  of  this  city  there  are, 
to  my  mind,  none  more  striking  than  the  proof,  offered  by  the  silt 
in  the  great  Roman  bath,  that  the  resort  of  crowds  had  become  so 
utterly  desolate  and  lonely  in  the  ages  following  the  English  Con- 
quest as  to  allow  of  the  nesting  of  the  Wild  Duck. 

I  turn  now  to  the  place  of  Man  in  the  geological  record,  a  question 
which  has  advanced  but  little  since  the  year  lb64.  Then,  as  now, 
his  relation  to  the  Glacial  strata  in  Britain  was  in  dispute.  It  must 
be  confessed  that  the  question  is  still  without  a  satisfactory  answer, 
and  that  it  may  well  be  put  to  "  a  suspense  account."  We  may, 
however,  console  ourselves  with  the  reflection  that  the  River-drift 
Man  appears  in  the  Pleistocene  strata  of  England,  France,  Spain, 
Italy,  Greece,  Algiers,  Egypt,  Palestine,  and  India  along  with 
Pleistocene  animals,  some  of  which  were  pre-Glacial  in  Britain.  He 
is  also  proved  to  have  been  pc»st-Glacial  in  Britain,  and  was  probably 
living  in  happy,  sunny,  southern  regions,  where  there  was  no  ice, 
and  therefore  no  Glacial  period,  throughout  the  Pleistocene  age. 

It  may  further  be  remarked  that  Man  appears  in  the  geological 
record  where  he  might  be  expected  to  appear.  In  the  Eocene  the 
Primates  were  represented  by  various  Lemuroids  (Adapts,  Necrclt- 
wiur,  and  others)  in  the  Old  and  New  Worlds.  In  the  Miocene  the 
SimiadsB  (Dryopithectis,  PHopithectiSy  Oreopithecvs)  appear  in  Europe, 
while  Man  himself  appears,  along  with  the  living  species  of  Mam- 
malia, in  the  Pleistocene  age,  both  in  Europe  and  in  India. 

The  question  of  the  antiquity  of  Man  is  inseparably  connected 

with  the  further  queaVVon  •.  ''  1^  \t  possible  to  measure  the  lapse  of 
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all,  as  it  seems  to  me,  have  ended  in  failare.  Till  we  know  the  rate 
of  causation  in  the  past,  and  until  we  can  be  sure  that  it  has  been 
inyariable  and  uninterrupted,  I  cannot  see  anything  but  failure  in 
the  future.  Neither  the  rate  of  the  erosion  of  the  land  by  subaerial 
agencies,  nor  its  destruction  by  oceanic  currents,  nor  the  rate  of  the 
deposit  of  stalagmite  or  of  the  movement  of  glaciers,  have  as  yet 
given  us  anything  at  all  approaching  a  satisfactory  date.  We  only 
have  a  sequence  of  events  recorded  in  the  rocks,  with  intervals  the 
length  of  which  we  cannot  measure.  We  do  not  know  the  exact 
duration  of  any  one  geological  event.  Till  we  know  both,  it  is 
surely  impossible  to  fix  a  date,  in  terms  of  years,  either  for  the  first 
appearance  of  Man  or  for  any  event  outside  the  written  record.  We 
may  draw  cheques  upon  ''  The  Bank  of  Force  "  as  well  as  on  <<  The 
Bank  of  Time." 

Two  of  my  predecessors  in  this  chair.  Dr.  Woodward  and  Professor 
Judd,  have  dealt  with  the  position  of  our  science  in  relation  to 
Biology  and  Mineralogy.  Professor  Phillips  in  1864  pointed  out 
that  the  later  ages  in  Geology  and  the  earlier  ages  of  mankind  were 
fairly  united  together  in  one  large  field  of  inquiry.  In  these  remarks 
I  have  set  myself  the  task  of  examining  that  side  of  our  science 
which  looks  towards  History.  My  conception  of  the  aim  and  results 
of  Geology  is,  that  it  should  present  a  universal  history  of  the 
various  phases  through  which  the  earth  and  its  inhabitants  have 
passed  in  the  various  periods,  until  ultimately  the  story  of  the  earth, 
and  how  it  came  to  be  what  it  is,  is  merged  in  the  story  of  Man  and 
bis  works  in  the  written  records.  Whatever  the  future  of  Geology 
may  be,  it  certainly  does  not  seem  likely  to  suffer  in  the  struggle  for 
existence  in  the  scientific  renascence  of  the  nineteenth  century. 


III. — Ths  Relations  of  the  Great  Oolite  to  the  Forest  Marble 
AND  Fuller's- earth  in  the  South-west  of  England.  By 
Horace  B.  Woodward,  F.G.S.,  of  the  (Geological  Survey  of 
England  and  Wales. 

[Communicated  by  pennission  of  the  Director- General  of  the  Geological  Survey.] 

THE  southerly  attenuation  of  the  Great  Oolite,  and  its  absence  in 
Dorsetshire,  have  been  generally  attributed  to  lateral  changes 
in  the  strata — it  being  considered  that  the  Great  Oolite  is  mainly 
replaced  by  Forest  Marble  (which  has  been  stated  to  increase  in 
thickness  southwards),  and  perhaps  in  part  by  the  Fuller*s-earth. 

In  Gloucestershire  the  Great  Oolite  and  Forest  Marble  are  so 
interblended  that  there  is  no  real  line  of  demarcation.  At  Bradford- 
on-Avon  this  is  not  the  case :  the  surface  of  the  Great  Oolite,  with 
its  clusters  of  Apiocrinus,  indicates  a  pause  in  deposition,  and  we 
have  locally  a  good  line  of  division  between  this  formation  and  the 
Bradford  Clay,  which  is  a  subordinate  portion  of  the  Forest  Marble. 
Southwards  the  Bi'adford  Clay  horizon  extends  to  the  Dorsetshire 
coast,  but  the  Great  Oolite  is  no  longer  found,  and  we  see  no  evidence 
of  the  Crinoid  growth  in  8ttu.  The  estimated  thickness  of  the  Forest 
Marble  in  Dorsetshire  has  been  much  exaggexala^,  wi^  ^ctka  ^Vx^'s^^^^ 
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furnished  by  the  persistence  of  the  Bradford  Clay  is  opposed  to  the 
view  that  the  Great  Oolite  is  replaced  in  any  way  by  the  Forest 
Marble. 

Id  Oxfordshire  and  Gloaoestershire  the  Great  Oolite  and  the 
Stonesfield  Slate  merge  downwards  into  the  Fuller*s-earth  with  no 
marked  stratigraphical  division,  and  this  is  the  case  as  far  as 
Lansdown,  near  Bath.  Northwards  the  Fuller's-earth  is  mnch 
attenuated,  and  near  Chipping  Norton  it  rests  on  a  higher  stage  of 
the  Inferior  Oolite  than  we  find  in  the  Cotteswold  Hills,  as  if  in  the 
former  area  the  conditions  attending  the  deposition  of  Inferior 
Oolite  lingered  longer.  Rarely  do  we  find  any  interblending  of 
Inferior  Oolite  and  Fuller 's-earth  ;  indeed,  we  sometimes  find 
indications  of  local  pauses  in  deposition,  marked  by  annelide  burrows, 
etc.  So  that  on  stratigraphical  grounds  the  Fuller's-earth  is  more 
intimately  connected  with  the  Great  Oolite  than  with  the  Inferior 
Oolite. 

In  Dorsetshire  the  Fuller's-earth  series  attains  its  greatest  develop* 
ment  in  this  country,  and  is  separable  into  Upper  and  Liower  clayey 
divisions,  with  an  intermediate  bed  of  Fuller's-earth  Hock.  These 
divisions  may  be  traced  northwards  to  Lansdown  and  Slaughterford, 
near  Bath,  where  the  Fuller's-earth  Rock  is  present  in  an  attenuated 
form,  and  where  the  Upper  Fuller's-earth  merges  into  the  base  of 
the  Great  Oolite. 

It  is  therefore  clear  that  the  mass  of  the  Great  Oolite  is  not 
represented  in  the  Fuller's-earth  series  of  Dorsetshire,  although  its 
lower  beds  may  be  partially  replaced  by  the  Upper  Fuller's-earth. 
The  mass  of  the  Great  Oolite,  therefore,  either  wedges  out  abruptly 
south  of  Bradford-on-Avon,  or  has  been  to  some  extent  denuded. 
On  the  whole,  it  appears  probable  that  the  Great  Oolite  has  been 
denuded — the  erosion  being  local  and  contemporaneous  so  far  as  the 
Great  Oolite  series  is  concerned.  The  structure  of  the  Forest  Marble, 
with  its  clay-galls,  its  current-bedded  limestones  made  up  of  broken 
shells  and  oolitic  grains  (the  latter  sometimes  in  a  sandy  matrix), 
favours  the  notion  that  it  may  have  been  largely  derived  from 
previous  accumulations ;  and  this  opinion  was  suggested  by  Dr.  Sorbj 
from  a  microscopical  study  of  some  of  the  beds. 

The  organic  remains  of  the  Fuller's-earth  include  many  species 
common  to  the  Inferior  Oolite  and  many  common  to  the  Great 
Oolite.  Of  seventy-two  species,  obtained  during  the  course  of  the 
Geological  Survey,  fifty -eight  are  known  also  in  the  Great  Oolite  and 
forty-two  in  the  Inferior  Oolite,  a  number  being  common  to  the  two 
formations.  The  pal  aeon  tological  evidence  therefore  coincides  with 
the  stratigraphical,  that  the  Fuller's-earth  on  the  whole  is  more 
intimately  connected  with  the  Great  Oolite  than  with  the  Inferior 
Oolite.  For  convenience  of  classification  it  should  therefore  be 
placed  with  the  Great  Oolite  series. 
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IV. — Note  on  the  Portland  Sands  op  Swindon  and  Elsewhers. 
By  Horace  B.  Woodward,  F.G.S.,  of  the  Geological  Survey  of 
England  and  Wales. 

[CommQnicated  by  permifisioii  of  the  Director-General  of  the  Geological  Survey.] 

ATTENTION  was  drawn  to  some  fresh  sections  at  Swindon,  and 
these  confirmed  the  sequence  made  out  by  Prof.  J.  F.  Blake 
from  somewhat  scattered  data.  The  sandy  beds  that  yield  the 
Swindon  Stone  were  originally  grouped  as  "  Portland  Sands,"  but 
they  clearly  belong  to  the  Portland  Stone  division,  as  pointed  out  by 
Mr.  Blake.  The  basement-bed  here  and  at  Aylesbury  consists  of  a 
conglomeratic  band  containing  lydites,  a  few  quartz  pebbles,  and 
some  derived  fossils.  The  true  Portland  Sands  occur  below,  and  are 
about  60  feet  thick.    The  sequence  is  as  follows : — 

Feet. 
Portland  Stone,  with  lydite  bed  at  base  and  in  upper  part  of 
clay  beneath. 

1^3.  Blue  and  brown  clay 19 

2.  Sandy  calcareous  rock.     Oyster-bed  with  small 

Portland^  acuminate  oyster      8 

Sands.  "  1.  Greenish  and  yellowish  sands  with  huge  concre- 
tionary masses  of  calcareous  sandstone.    The 

V        sands  merge  downwards  into 30  to  40 

Kimeridge  Clay. 

Comparing  the  sequence  with  that  at  Aylesbury,  worked  out  by 
Mr.  Hudleston,  we  find  the  Portland  Stone  with  lydite  bed  at  base, 
resting  on  the  Hartwell  Clay.  This  clay,  like  the  Blue  and  Brown 
clay  (No.  3)  at  Swindon,  was  originally  taken  to  be  Eimeridge 
Clay,  but  the  former  has  been  shown  to  be  on  the  horizon  of  the 
Middle  Portlandian  of  French  geologists,  and  there  is  no  doubt,  on 
stratigraphical  and  palsdontological  grounds,  that  the  clays  of  Swindon 
and  Hartwell  are  on  the  same  approximate  horizon,  and  that  both 
belong  to  the  Portland  Sands.  We  have  not  clear  evidence  of  the 
sequence  beneath  the  Hartwell  Clay  at  Aylesbury ;  but  a  deep  well 
at  Stone,  in  that  neighbourhood,  showed  the  presence  beneath  the 
Portland  Stone  of  Blue  clay,  Limestone,  Dark  sand,  and  then  Blue 
clay  again — this  last-named  bed  being,  no  doubt,  the  true  Kimeridge 
Clay,  although  detailed  measurements  are  wanting. 

Doubtless  there  is  some  inconvenience  in  a  term  like  Portland 
Sands,  when  it  includes  prominent  beds  of  clay  like  those  of  Swindon 
and  Hartwell,  and  when  the  Portland  Stone  of  Swindon  is  so  largely 
represented  by  sand.  We  might  employ  the  terms  Upper  and  Lower 
Portlandian,  were  it  not  that  on  the  Continent  a  threefold  division 
has  been  adopted,  and  the  Lower  Portlandian  embraces  beds  that  in 
this  country  cannot  be  separated  from  the  Kimeridge  Clay.  The 
Middle  Portlandian,  as  before  mentioned,  represents  our  Portland 
Sands  and  Hartwell  Clay ;  and  Professor  Blake  has  applied  the  term 
Bolonian  to  these  Middle  and  Lower  Portlandian  beds.  On  strati- 
graphical  grounds  it  does  not  appear  possible  for  us  to  adopt  this 
term,  and  on  the  whole  the  following  grouping  appears  best  adapted 
for  the  English  strata : — 

Upper  Portland  Beds — Portland,  Tisbury  aad.  ^'snsv^oTi  ^\«rttft» 
Lower  Portland  Beds— Portland  Sands  and  RatVvc^  CVi. 
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It  in  tnie  that  at  Swindon  and  Hartwell  the  Ijower  Portland  Beds 
are  more  intimately  connected,  on  stratigTaphical  grounds,  with  the 
Eimeridge  Clay  than  with  the  Upper  Portland  Beds;  but  this  is 
not  the  case  on  the  Dorsetshire  coast,  where  no  oonglomermtic  hand 
has  been  met  with  at  the  base  of  the  Portland  Stone. 


v.— FrRTHEB    NOTK    ON    THS    MiDrOBD     SABn>8.^         Bj    HoRAOB   K 

WooDWAKD,  F.G.S.,  of  the  Creological  Survey  uf  England  and 

AVales. 

[Communicated  hj  permitnon  of  the  Director-Oenend  of  tiie  Geological  Simrej.] 

rE  term  Midford  Sands,  introduced  in  1871  by  Professor  Phillips, 
has  been  accepted  by  many  geologists  because  it  avoided  the 
confusion  that  had  arisen  from  the  use  by  some  authorities  of  the 
term  Inferior  Oolite  Sands,  and  by  others  of  Upper  Lias  Sands. 

At  Midford  the  upper  portion  of  the  Inferior  Oolite  (zone  of 
Ammonites  Farkinsoni)  rests  directly  on  the  Sands,  whereas  in  other 
parts  of  Somersetshire,  in  Dorsetshire  and  Gloucestershire,  the  lower 
portion  of  the  Inferior  Oolite  (comprising  the  zones  of  A.  Humpkries' 
ianuB  and  A.  Murchi8on(jB)  is  present  above  the  Sands.  In  the 
absence  of  palseontological  evidence,  it  has  been  questioned  whether 
the  Midford  Sands  are  really  equivalent  to  the  Sands  in  other  parts 
of  the  south-west  of  England.  Hence  other  local  names,  e.g.  the 
Yeovil  and  Bridport  Sands,  and  the  Cotteswold  Sands,  have  been 
introduced. 

Regarding  the  zone  of  Ammonites  opalinus  and  the  Gloucestershire 
Cephalopoda-bed  as  a  portion  of  the  Cotteswold  Sands,  there  is  no 
doubt  about  their  correlation  with  the  Sands  of  Bridport  and  Yeovil. 
Two  species  of  Ammonites  (A.  striatulus  and  A.  aalensis)  have  been 
obtained  by  the  Rev.  H.  H.  Winwood  from  the  Midford  Sands.  The 
latter  of  these  species  was  recorded  by  myself,  on  the  authority  of 
Mr.  Etheridge,  in  1876,  but  its  occurrence  has  been  overlooked 
More  recently  I  have  seen  in  the  William-Smith  Collection  in  tbe 
British  Museum,  an  Ammonite  from  the  Coal-canal  at  Midford;  and 
this  has  been  identified  by  Mr.  Etheridge  and  Mr.  R.  B.  Newton,  as 
very  near  to,  if  not  identical  with  A.  Levesquei,  a  species  recorded 
by  Dr.  Lycett  from  the  Gloucestershire  Cephalopoda  Bed.  These 
species  show  that  the  Midford  Sands  belong  to  the  same  general 
horizon  fes  the  Sands  of  Gloucestershire  and  Dorsetshire,  so  that 
there  is  no  adequate  reason  for  discarding  the  name  Midford  Sands. 
If  the  beds  near  Bath  have  not  proved  so  fossiliferous  as  those  in 
other  localities,  there  is  no  reason  why  they  should  remain  so ;  for 
in  Dorsetshire  there  are  many  sections  where  the  beds  appear  barren, 
in  close  proximity  with  other  exposures  that  yield  an  abundant  fauna. 

*  A  previous  Note  on  the  Midford  Sands  was  published  in  tbe  Geologioi 
Magazine,  1872,  p.  513. 
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VI. — On  Bucklandium  diluvii,  Konio,  a  Siluboid  Fibh  prom  thb 
London  Clay  op  Shkppby.    By  A.  Smith  Woodward,  F.0.8. 

IN  his  well-known  'Icones  Fossiliuiu  Sectiles,*  pi.  viii.  No.  91, 
Konig  figures  a  remarkable  fossil  from  the  London  Clay  of 
Sheppey,  which  is  mentioned  in  the  text  as  not  certainly  determinable, 
but  generally  regarded,  by  the  anatomists  who  have  examined  it,  as 
pertaining  to  some  type  of  Lizard.  This  specimen  is  preserved  in 
the  British  Museum,  and  the  author  has  determined  that  it  is  truly 
the  imperfect  head  and  pectoral  arch  of  a  Siluroid.  The  roof  of  the 
skull  is  preserved  almost  as  far  forwards  as  the  middle  of  the  frontals ; 
the  pectoral  arch  is  in  position,  though  slightly  bent  backwards ; 
and  the  mass  of  anchylosed  anterior  vertebraa,  with  the  basioccipital, 
is  displaced  downwards  and  thrown  beneath  the  clavicles.  All  the 
bones  are  remarkably  strong,  and  the  exposed  surfaces  are  orna- 
mented with  large  tubercles.  The  head  must  have  been  originally 
somewhat  deeper  than  broad,  and  the  roof  exhibits  no  flattening, 
but  is  strongly  arched  from  side  to  side.  Posteriorly,  the  supra- 
occipital  projects  in  the  usual  manner,  probably  to  meet  a  dermal 
plate  upon  the  nape ;  and  the  post-temporal  element  seems  to  be 
merged  with  the  bones  of  the  postero-lateral  angles  of  the  cranium. 
It  is  impossible  to  determine  the  family-position  of  the  genus  in  the 
usual  manner,  but  the  skulls  of  the  West  African  Auchenoglanis  and 
Synodontis  appear  to  approach  the  fossil  most  closely.  The  provisional 
name  of  Bucklandium  diluvii  may  be  retained  ;  and  the  fish  is  inter- 
esting as  being  the  earliest  undoubted  Siluroid  hitherto  discovered. 


Vn. — A  Comparison  op  the  Cretaceous  Fish-pauna  op  Mount 
Lebanon  with  that  op  the  English  Chalk.  By  A.  Smith 
Woodward,  F.G.S.,  F.Z.S. 

NO  detailed  comparison  having  hitherto  been  instituted  between 
the  Cretaceous  fish-fauna  of  Mount  Lebanon  and  that  of  the 
English  Chalk,  which  belongs  to  a  well-determined  horizon,  the 
author  has  undertaken  a  general  survey  of  the  genera,  with  the  result 
that  the  two  faunas  are  proved  to  have  more  forms  in  common  than 
hitherto  supposed.  The  Selachian  fishes  are  scarcely  comparable, 
Noiidanus  and  Squatina  being  the  only  genera  as  yet  recognized  in 
the  two  formations ;  and,  on  the  whole,  those  of  Mount  Lebanon 
exhibit  the  most  modem  facies,  all  traces  of  Hybodont  Sharks  and 
of  PtychoduB  being  wanting.  Chimaeroids  are  unknown  at  Mount 
Lebanon,  but  abundantly  met  with  in  the  English  Chalk.  Among 
Ganoids  there  are  representatives  of  the  P^cnodonts  both  in  the 
Lebanon  (Palaohalistum,  Coceodus,  XenophoHs)  and  in  England 
{Ccelodus)f  but  no  identical  genera  can  yet  be  recognized.  Rhombic- 
scaled  Ganoids  are  rare  in  the  English  Chalk  (Lophiostomua,  Neo- 
rhombolepis)  f  &nd  unknown  in  Mount  Lebanon;  ti-aces  of  Acipense- 
roids  also  occur  in  the  former,  but  have  not  been  discovered  in  the 
latter ;  and  at  least  one  Crossopterygian  genus  occurs  plentifully  in. 
England    (Macropoma),   while    no   unceTlam  leuiBAXi^  \iv?^  \««^ 
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detected  in  the  Syrian  beds.  BeionoBtamua,  however,  is  common  to 
the  two  formations,  one  species  having  been  desoribed  from  Mount 
Lebanon  under  the  name  of  Bhinellus  laniatus. 

Of  Physostomous  Teleosteans,  the  great  early  families  represented 
in  the  Chalk  of  England  and  the  Upper  Cretaoeous  of  North  America 
by  PortheuSf  Ichthyodeetet,    ProioBphyrana  and    Pachyrhizodus^  are 
quite  unknown  in  the  deposits  of  Mount  Lebanon  ;  but  in  the  latter 
locality   Enchodns  is  abundant,  having  been    described  under  the 
synonym  of  Eurygnathus,  and  this  is  accompanied  by  a  closely-allied 
genus,  EuryphoUs,  only  differing  in  the  possession  of  a  few  dermal 
scutes.     The  English  Pomognathus  may  also  be  regarded  as  repre- 
sented at  Mount  Lebanon,  for  the  so-called  Phylactocephalus  merely 
differs  in  the  presence  of  extremely  delicate  minute  scales,  which 
would  not  be  preserved  in  a  matrix  of  the  nature  of  the  Chalk ;  and 
Aspidopleunis  (Mount  Lebanon)  possesses  scutes  indistinguishable 
from  the  detached  examples  long  known  in  the  BngHsh  Chalk  under 
the  name  of  Prionolepis.     Dercetis,  also,  is  met  vrith  abundantly  in 
the  Syrian  beds,  being  described  under  the  synonym  of  LeptotraekelMt, 
Among  Elopine  Clupeoids,  some  undeseribed  forms  occur  in  the 
^English  Chalk,  and  one  from  Mount  Lebanon  has  been  erroneoaslj 
assigned   to    the   genus    Clupea  ( C,  Lewisii) ;     and    the    supposed 
Salmonoid,   OsmeroideSf   is  common  to  the  two  formations,  though 
inferior  in  size  at  the  last-named  locality.     In  the  Syrian  deposits, 
however,    there  are   many   more  specialized   Physostomi,  such  as 
Cheirothrixj  Spantodont  Opistopieryx,  Bhinellus,  Scombroelupea,  DiplO' 
mystuSy  and  Clupea,  not  represented  among  English  Chalk  fossils. 
Among  Physoclystous  Teleosteans  but  few  genera  are  common  to 
the  two  formations  under  comparison.     Hoplopteryx,  with  perhaps 
Beryx,  represents  the  Berycidas  in  both  localities ;  but  only  a  single 
imperfect  specimen  from  the  English  Chalk  can  yet  be  assigned  to 
any  higher  type,  namely,  Platax  (?)  nuchalis.     At  Mount  Lebanon 
more  specialized  Physoclysti  are  numerous,  as  Plat€uCf  Imogaster  and 
Pycnosterinx;  although  to  the  latter  have  been  erroneously  assigned 
certain  extraneous  forms,  including  at  least  one  well-marked  Berycoid, 
the  so-called  Pycnosterinx  Lewisii. 

The  conclusion  is  thus  arrived  at,  that  in  those  respects  in  which 
the  Lebanon  fish-fauna  differs  from  that  of  the  English  Chalk,  it 
exhibits  greater  specialization.  Considered  alone,  therefore,  it  is 
distinctly  of  a  more  modern  type  than  the  latter,  although  the  beds 
in  which  it  occurs  are  regarded,  from  other  evidence,  as  being  of 
Senonian  or  even  Turonian  age. 


VIII. — On  the  Recent  Volcanic  Structure  op  the  Azorean  Archi- 
pelago.     By  OSBERT  H.  HOWARTH. 

ri^HE  object  of  the  author's  notes  upon  the  relation  of  the  Azorean 
X  group  to  the  other  islands  of  the  West  Atlantic  is  to  indicate  a 
line  of  inquiry  by  which  some  approximation  may  be  made  to  the 
intervals  separating  the  g^reat  eruptive  changes ;  and  determining 
any  modifications  \n  l\i^  l^^  ol  ^ox^  ^xrtwi^  NXia.\.  v\rv-^x\asi.\.  ^iiooes- 
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sioD  of  Tolcanio  products,  whioh  has  been  evolved  since  the  Upper 
Miocene  period  assigned  to  the  islands  generally.  A  field  for  such 
inquiry  seems  to  be  offered  by  the  present  phase  of  action  in  the 
Furnas  district,  in  the  eastern  centre  of  St.  Michael's,  where  existing 
activity  is  associated  with  some  of  the  oldest  formations  in  the  series. 
The  author  has  traced  in  that  valley  a  series  of  beds  of  vegetable 
origin  dating  back  from  the  most  recent  changes,  immediately  con- 
nected with  the  present  boiling-spring  area,  to  a  period  antecedent 
to  the  formation  of  the  Furnas  Valley  itself.  The  intermediate  in- 
tervals of  repose  are  now  represented  by  peaty  beds  and  subaqueous 
vegetable  deposits,  interstratified  with  the  successive  lava  streams, 
tufis,  and  pumice  beds  of  various  dates,  within  and  prior  to  the 
historical  period.  From  the  more  recent  of  these,  buried  trunks  and 
branches  have  been  obtained  which  represent  the  intervals  of  recent 
eruptions;  while  in  one  of  the  older  tuffs,  underlying  nearly  the 
whole  series  at  that  portion  of  the  islands,  a  tree  (probably  an  Erica) 
hHS  been  found,  presumably  in  situ,  and  offering  possibilities  of  a 
subjacent  soil  for  examination,  which  would  be  contemporaneous 
with  the  earliest  vegetation  of  the  island. 

IX. — The  Yoloanoes  of  the  Two  Sioilies.   By  Tempest  Anderson, 

M.D.,  B.Sc. 

THE  author  has  recently  visited  the  volcanoes  of  Naples,  the 
Lipari  Islands  and  Sicily,  including  Vesuvius,  Stromboli,  Vulcano 
and  ^tna,  and  taken  photographs  of  their  craters  and  some  of  their 
lava  streams,  and  other  most  important  parts,  in  order  to  obtain  a 
record  of  their  present  condition  which  may  be  available  for  com- 
parison in  case  of  future  eruptions.  Some  of  these  photographs  were 
shown  as  projections  on  a  screen  by  means  of  a  lime-light  lantern. 

I^  E  "V"  I  D53  ^W  S. 

The  Building  or  the  British  Isles  :  A  Study  in  Geogra- 
phical Evolution.  By  A.  J.  Jukes-Browne,  B.A.,  F.G.S. 
Sm.  8vo.  pp.  335,  with  Maps  and  Woodcuts.  (George  Bell  & 
Sons,  1888.) 

ONLY  a  few  years  have  elapsed  since  the  late  John  Richard  Green, 
combining  physical  geography,  archeeology,  and  history  in  the 
most  happy  manner,  presented  his  fellow-countrymen  with  that 
admirable  story  in  the  development  of  their  race,  entitled  '*The 
Making  of  England."  We  are  now  presented  with  an  equally  in- 
teresting volume  of  physical  history,  and  somewhat  wider  geogra- 
phical scope,  in  which  is  told  the  story,  how  and  during  what 
geological  periods  the  British  Isles  were  built.  Just  as  the  modem 
English  are  a  remarkable  mixture  of  many  races,  so  are  the  British 
Isles,  as  every  geologist  knows,  a  most  remarkable  epitome  of  the 
physical  history  of  the  Earth*s  crust,  our  limited  territory  being  in 
fact  like  Jacob's  coat  in  respect  of  the  variety  of  the  pieces  vrbAak 
go  to  make  it  up. 
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Thns  the  story  of  the  "  Building  of  the  Britisb  Isles  *'  involves  to 
a  considerable  extent  the  history  of  most  of  the  geological  formations. 
To  write  a  book  of  this  kind  successfully  requires  peculiar  qualifica- 
tions, and  certainly  no  one  is  entitled  to  attempt  die  task  who  does 
not  possess  a  tolerably  intimate  acquaintance  with  the  geology  of 
Western  Europe,  a  fair  share  of  the  imaginative  faculty  and  good 
literary  abilities.  To  these  it  will  be  generally  conceded  that  the 
author  may  fairly  lay  claim,  and  we  must  now  proceed  to  consider 
what  use  he  has  made  of  them  in  the  work  before  us. 

The  study  of  geographical  evolution  has  had  many  votaries,  both 
in  this  and  in  other  countries.  The  early  efforts  of  Gk>dwin-Austen 
in  this  direction  have  been  singularly  confirmed  by  the  deep  borings 
made  of  late  years  in  the  Eastern  and  Midland  Counties.  Indeed, 
it  is  the  frequency  with  which  the  Neozoic  rocks  have  been  probed  in 
so  many  localities — mostly  in  search  of  water,  more  rarely  to  find 
coal — which  enables  the  modem  geologist  to  lay  down  with  tolerable 
accuracy  the  suberranean  surface  of  the  Palaeozoic  rocks.  We  have 
a  good  summary  of  these  results,  as  applied  to  a  certain  line  of 
country,  in  the  diagram -section  (p.  115),  from  the  valley  of  the 
Severn  to  the  valley  of  the  Lea.  [N.B. — A  more  clearly  defined 
sea- level  line  would  improve  this  section.]  The  information  thus 
acquired  provides  the  means  by  which  it  is  possible  to  reconstnict 
the  Mesozoic  geography  of  a  large  part  of  England  with  a  tolerable 
degree  of  probability.  There  is  just  one  terrible  factor  in  the 
account  which  must  present  itself  to  every  one  who  attempts  geo- 
graphical restoration  from  geological  data,  viz.  the  imperfection  of 
the  geological  record.  This  the  author  admits  with  a  candour  which 
is  in  good  keeping  with  the  general  sobnety  of  the  book.  '*ln 
some  instances/'  be  says,  ''the  facts  which  are  known  suggest 
different  inferences  to  different  minds,  and  there  are  several  cases 
in  which  different  views  are  held  with  regard  to  a  certain  area 
having  been  above  or  below  water  during  a  certain  period.  In  snch 
cases  I  have  carefully  examined  the  different  views  which  have  been 
taken  by  those  who  have  written  on  the  subject,  before  selecting  that 
which  appeared  to  be  the  most  probable  interpretation  of  the  facts." 

The  plan  of  the  book  is  as  follows.  He  gives  a  summary  of  the 
stratigraphical  evidence  of  each  period,  followed  by  a  geographical 
restoration,  which  is  further  exemplified  by  a  map,  in  which  the 
present  outline  of  the  British  Isles  is  indicated  by  a  red  line,  whilst 
horizontal  blue  lines  represent  the  area  which  is  supposed  to  have 
been  covered  by  water  during  the  successive  periods.  Inhere  are  fifteen 
of  such  maps,  plates  xii.  xiii.  and  xiv.  being  drawn  on  a  smaller 
scale  so  as  to  include  Iceland  and  parts  of  the  west  coast  of  the 
Continent  and  Norway.  The  following  periods  are  recognized  : — The 
Cambrian,  Ordovician,  Silurian,  Old  Red  or  Devonian,  Carboniferous, 
Permian,  Triassic,  Jurassic,  Cretaceous,  Hantonian  (Eocene  and 
Oligocene),  Iceiiian  I.  (Miocene  and  Pliocene),  Icenian  II.  (Pleisto- 
cene). Then  follows  a  summary  of  the  geographical  evolution  of 
the  British  Isles,  and  m  l\\^  \«i%\.  cW^^e^x  \i^  discusses  the  theory  of 
the  permanence  oi  oceans  and  QftiVi\A.\ifeVi\». 


Reviews— A.  J.  Jukes^Btvwne — Building  of  British  hies.     476 

''  At  present/'  be  admits,  ''  that  the  maps  of  early  Palaaoasoio 
geographies  are  only  pictorial  representations  of  the  ideal  views 
which  are  suggested  to  our  minds  by  the  inferences  obtained  from 
the  study  of  a  few  small  and  disconnected  areas."  This  is  perhaps 
a  somewhat  off-hand  way  of  describing  the  earlier  Pala&ozoics  of  our 
country,  but  he  is  perfectly  right  in  attaching  no  particular  value  to 
such  restorations.  Pre-Carboniferous  geography  is  very  much  a 
matter  of  fancy,  and  we  bear  in  mind  the  old  saying  "  De  gu8tihn$ 
non  eat  disputandum,**  One  feature  in  these  early  speculations  seems 
to  enforce  itself,  viz.  the  unwillingness  of  the  west  part  of  Anglesey 
to  go  under  water.  Both  in  the  Arenig  and  Llandovery  epochs  this 
obstinate  little  island  refused  to  be  entirely  submerged.  The  same 
was  the  case  in  Lower  Devonian  times.  Even  during  the  epoch  of 
the  Carboniferous  Limestone  the  north-west  comer  is  represented  as 
being  still  unsubmerged.  Surely  it  is  Anglesey,  and  not  Kent,  which 
should  inscribe  "inwc^a"  on  her  escutcheon.  This  was  connected 
with  a  block  of  very  old  land  on  the  site  of  St  George's  Channel, 
including  a  strip  of  Eastern  Ireland,  which  seems  to  have  been  a 
sort  of  *'  omphalos  "  of  the  British  Islands.  The  central  portions  of 
this  block  are  represented  as  being  laud  in  every  one  of  the  fifteen 
maps  except  the  last,  though  we  presume  that  the  author  regards  it  as 
having  been  covered  during  the  great  submergence  of  the  Chalk  epoch. 

When  we  try  to  restore  the  geography  of  the  Carboniferous  period, 
there  is  already  something  more  definite  to  formulate,  and  **  we 
can  point  to  districts  which  seem  to  be  the  worn-down  remnants  of 
Carboniferous  land  tracts."  No  one  can  dispute  this,  but  is  there 
such  good  proof  that  at  this  period  **  there  was  more  land  than  water 
where  the  Atlantic  now  rolls  "  ?  This  is  rather  a  strong  statement  for 
so  cautious  and  conscientious  a  writer  as  Mr.  Jukes- Browne.  He 
regards  the  *'  continent  "  to  which  the  PalsBOzoic  nucleus  of  our 
islands  was  subsidiary  as  lying  to  the  north  and  north-west  of  the 
British  area.  This  **  Continent "  can  be  no  other  than  the  hypo- 
thetical Atlantis,  a  creation  of  the  period  when  oceanography  was  in 
its  infancy.  He  perceives  the  unfavourable  bearing  of  this  assumption 
upon  the  general  principles  of  physical  evolution,  and  explains  that 
probably  the  seas  and  continents  of  the  Palaeozoic  world  had  an 
evolutionary  history  of  their  own,  which  culminated  in  the  geo- 
graphical conditions  of  the  Carboniferous  period.  His  views  are 
more  fully  set  forth  in  the  last  chapter,  where  he  discusses  ''the 
theory  of  the  permanence  of  Continents  and  Oceans."  No  doubt  he 
will  have  many  opponents,  and  it  is  evident  that,  henceforth,  there 
will  be  two  schools  of  geographical  Evolution,  and  that  the  results 
will  vary  materially  according  to  which  of  these  two  schools  an 
author  may  happen  to  belong. 

Eeverting  once  more  to  the  main  subject  of  the  book,  every 
geologist  is  aware  that,  however  much  of  the  older  rock  material 
had  been  roughly  fashioned  before  the  upheaval  of  the  Carboniferous 
deposits,  yet  the  building  of  the  British  Isles  only  commenced  in 
earnest  during  the  interval  which  succeeded  the  close  o^  lVv\&\^t\^^. 
Then  were  traced  the  main  outlines  oi  iVie  «k^\^\tttL  q1  l^iiiNsB>:«*sv^ 
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rocks  upon  whose  stony  flanks  and  platforms  the  softer  Neozoic  deposits 
were  to  be  thrown  down,  these  latter  also  to  be  hardened,  raised  up 
and  sculptured  in  their  turn.  The  Permian  deposits  may  perhaps 
help  to  throw  some  light  on  the  latter  part  of  this  revolutionary 
interval,  since  their  fauna  is  linked  with  that  of  the  preceding  age, 
although  their  physical  relations  to  the  older  rocks  are  of  the  most 
discordant  character. 

We  have  now  arrived  at  a  time  in  geographical  restoration  when 
it  is  possible  to  speculate  with  some  chance  of  being  correct.  Plate 
Y.  introduces  us  to  the  geography  of  the  Permian  period.  The  area 
is  mostly  land :  an  impounded  water-space  lies  to  the  west  of  the 
Pennine  chain,  whilst  on  the  east  the  Magnesian  Limestone  Sea  is 
extended  indefinitely  across  the  central  portion  of  the  North  Sea 
area,  as  though  it  might  possibly  still  communicate  with  an  ocean. 
The  next  plate  represents  the  period  of  the  Keuper,  the  continental 
phase  still  predominating  in  this  area.  A  lake  of  curious  shape 
extends  from  the  Gulf  of  Normandy  across  the  west  centre  of 
England  until  it  is  split  by  the  Pennine  mass  into  a  north-eastern 
and  a  north-western  area.  This  no  doubt  would  be  highly  saline. 
Subsidiary  basins,  presumably  of  fresh  water,  occupy  a  southerly 
prolongation  of  the  Minch  and  the  Moray  Firth.  These  two  maps 
represent  the  great  period  of  chemical  precipitation  in  our  area. 

By  the  time  of  the  Lias  and  Inferior  Oolite  the  general  lowering 
of  the  land  had  enlarged  this  water-space,  which  now  appears  as 
an  arm  of  the  sea  with  marine  connections  across  the  Paris  basin, 
but  retaining  in  no  small  degree  the  shape  of  the  old  Triassic  lake. 
There  are  even  rivers,  one  of  which  flows  in  from  the  west  at  a 
point  in  the  Bristol  Channel  between  the  coasts  of  Devon  and  Wales. 
Another  river  flows  into  an  estuary  opposite  Cleveland,  and  a 
third  debouches  a  long  way  outside  the  Moray  Firth.  These  two 
rivers  are  supposed  to  drain  the  continent  to  the  north-east;  the 
embouchure  in  each  case  is  within  the  area  of  what  is  now  the 
North  Sea,  and  consequently  not  accessible  to  close  examination. 
Within  the  limits  of  the  map  there  is  a  considerable  preponderance 
of  land.  Premising  that  nearly  the  whole  of  the  North  Sea  and  the 
North  Atlantic  is  represented  as  being  land,  the  following  blocks 
may  be  distinguished  in  addition:  (1)  the  Highlands  north  of  the 
Great  Glen  ;  (2)  the  bulk  of  Scotland  with  its  continuations  in  the 
Pennine  chain  and  towards  the  Isle  of  Man ;  (3)  nearly  the  whole 
of  Ireland  ;  (4)  Wales  ;  (5)  the  Damnonian  Peninsula ;  (6)  the 
Palaiozoics  of  Kent  and  East  Anglia.  It  was  these  lands,  and  more 
especially  the  recently  exposed  Carboniferous,  which  provided  the 
bulk  of  the  Jurassic  sediments.  The  view  that  the  Jurassic  clays 
were  largely  derived  from  the  denudation  of  Coal-measure  shales 
found  an  able  exponent,  some  years  ago,  in  Prof.  Blake.  It  is 
doubtful  if  much  was  derived  from  the  hypothetical  East  Anglian 
land. 

Mr.  Jukes-Browne  considers  that,  allowing  for  oscillations  at 
various  times  and  in  different  places,  the  area  continued  to  sink 
throughout  the  Jurassic  period,  and  he  does  not  hold  the  opinion,  so 
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generally  adopted,  that  the  Oxfordian  epoch  represents  the  period  of 
maximum  depression,  although  he  allows  that  a  large  part  of  the 
eastern  land  was  submerged  during  the  formation  of  the  Oxford 
clay.  *'  The  episode  of  the  Gorallian  beds,"  he  says,  **  marks  a  time 
when  from  some  cause  the  deposition  of  mud  ceased  over  certain 
parts  of  the  sea-bottom,  and  the  water  became  clear  enough  for  the 
growth  of  coral  reefs."  He  concludes  that  this  represents  a  pause 
in  the  general  subsidence.  Such  an  explanation  will  only  suit  some 
districts,  because  the  Corallian  limestones,  etc.,  have  their  argillaceous 
equivalents  over  considerable  areas.  We  are  inclined  to  think  that 
the  Oxfordian  beds  do,  on  the  whole,  represent  the  most  extensive 
and  regular  depression  of  Jurassic  time  in  our  own  and  neighbouring 
areas,  that  the  Corallian  beds  indicate,  as  the  author  says,  a  pause, 
but  one  of  irregular  distribution,  and  that  the  Kimmeridge  Clay  was 
deposited  in  an  oscillating  area — a  supposition  which  can  alone 
account  for  the  extraordinary  variation  in  its  thickness  and  character 
within  short  distances. 

These  oscillations  at  length  resulted  in  the  restriction  of  the 
Jurassic  water-spaces,  such  as  must  have  occurred  during  the  Port- 
lluidian  epoch.  This  geography  is  represented  in  plate  viii.  The 
Portlandian  Sea  is  open  towards  the  Paris  basin,  and  occupies  only 
a  portion  of  the  South  of  England.  A  strip  of  water  on  the  coast 
of  Lincolnshire  and  East  Yorkshire  has  an  undefined  connection  with 
a  gulf  which  points  towards  Germany,  and  there  is  the  usual  water- 
space  to  the  south  of  the  Isle  of  Man — admitted  to  be  hypothetical. 
It  is  interesting  to  note  that  throughout  the  first  half  of  Mesozoic 
time,  dating  from  the  Permian  to  the  Portlandian,  whilst  the  Atlantic 
is  completely  ignored,  whilst  of  the  North  Sea  and  the  English 
Channel  there  is  not  the  slightest  trace,  yet  the  shallow  Irish  Sea  is 
always  represented  as  having  be^n  submerged.  Certainly  a  boring 
in  this  area,  if  it  were  possible,  should  produce  most  interesting 
results.  Permian,  Triassic,  Liassic,  and  Oolitic  rocks,  even  to  the 
Portlandian,  ought  there  to  be  found  in  undisturbed  sequence. 
*  The  remaining  periods  must  be  considered  briefly.  Omitting  the 
stage  of  the  Purbeck-Wealden,  we  find,  when  marine  deposits  once 
more  take  place,  the  two  principal  water-spaces  of  the  Portlandian 
epoch,  somewhat  modified,  are  now  connected  by  narrow  straits  in 
the  East  Midlands.  This  arrangement  represents  the  Aptien  (Lower 
Oreensand)  stage  of  the  Lower  Cretaceous  (plate  ix.).  All  else  is 
land.  Even  the  bed  of  the  Irish  Sea  is  at  length  brought  up  to 
day,  and  might  thus  lose  some  of  its  earlier  Mesozoic  deposits. 
But,  since  coming  events  cast  their  shadows  before,  a  dubious  out- 
line of  the  Atlantic  for  the  first  time  appears  off  the  north-west 
coast  of  Ireland.  This  scene  may  be  taken  to  represent  the  last 
stage  of  Mesozoic  geography  before  the  great  submergence  which 
ultimately  brought  the  waters  of  the  Chalk  Sea  over  the  area  of  the 
British  Isles.  The  author  does  not  venture  to  portray  the  great 
consummation,  but  plate  x.  represents  the  geography  of  the  period 
when  the  basal  sediments  of  the  Chalk,  e.g,  Gault,  Upper  Greensand, 
etc.,  were  creeping  over  England.     The  laying  down  of  the  probable 


478    Seciew8--A.  J.  Jukes-Browne — Building  of  British  Isles. 

ooaRt-line  at  this  juncture  is  an  interesting  piece  of  work,  and  for 
much  original  intorraation  on  this  point  we  are  indebted  to  the 
author  himself,  and  to  his  friend,  Mr.  HilL  Parallel  to  this  coast- 
line, but  still  separated  from  it  by  some  200  miles  of  the  unsnb- 
merged  Britannic  block,  is  the  shadowy  Atlantic  ready  to  unite  with 
the  eastern  sea.  Even  at  this  juncture  nothing  but  land  ia  repre- 
sented to  the  nort^  of  Scotland  and  the  south  of  Ireland. 

Recalling  the  general  views  of  the  author  as  to  the  illations  of 
land  and  sea  within  the  area  treated  from  the  beginning  of  Mesozoio 
time  to  the  eve  of  its  closing  scene,  we  are  somewhat  struck  by  the 
limited  amount  of  water-space.  The  curious  shape  of  the  Reuperian 
reservoir,  with  its  fresh- water  adjuncts  in  the  north-east  and  north- 
west of  Scotland,  is  copied  with  singular  fidelity  by  the  seas  of  the 
Lias  and  Inferior  Oolite,  the  only  access  to  any  ocean  being  a  pro- 
blematical one  through  the  Paris  basin.  It  is  difficult  to  believe  that 
such  a  thoroughly  marine  formation  as  the  Lias  was  deposited  in 
waters  so  stale  as  these  must  have  been.  We  observe,  too,  that  the 
author  considers  such  a  minor  accident  of  the  Earth's  crust  as  the 
Great  Caledonian  Glen  to  have  been  already  in  existence,  and  yet  he 
persists  in  ignoring  the  Atlantic  basin,  the  eastern  edge  of  which  is 
quite  as  likely  to  have  been  a  permanent  feature.  Moreover,  we  do 
not  feel  quite  convinced  of  the  existence  of  such  a  great  mass  of 
land  to  the  north  during  Mesozoio  times  as  is  represented  in  all  the 
maps.  It  is  to  be  hoped  that  the  Oxfordian  seas  were  allowed  a 
little  more  latitude  in  this  direction. 

Tebtiabt  Geographibs. — During  the  Lower  Eocene  period  the 
Britannic  block  is  represented  as  being  all  land  to  the  west  of 
a  line  between  the  Wash  and  Bridport  Bay  :  the  London  Clay  sea 
covers  the  rest  During  Oligocene,  and  presumably  during  Miocene 
times,  it  merely  forms  part  of  a  continental  mass  which  extends  from 
the  Bay  of  Biscay  to  the  Scandinavian  Highlands.  In  the  course  of 
this  lengthened  exposure  the  carving  of  the  British  Isles  must  have 
made  progress :  the  escarpments  of  the  Secondary  rocks  would  be 
roughly  outlined,  and  the  older  rocks  again  touched  up.  *•  It  is 
possible  that  some  of  the  geological  features  of  western  and  central 
England  were  initiated  at  this  time"  (p.  247).  But  Mr.  Jukes- 
Browne  considers  that  we  cannot  use  the  modem  physical  geography 
of  the  country  as  affording  much  assistance  in  the  restoration  even 
of  earl}'  Pliocene  geography,  though  he  thinks  that  the  Grerman 
Ocean  may  have  been  initiated  **  in  the  latter  part  of  what  we  call 
Pliocene  time." 

"  That  the  close  of  the  Pliocene  epoch  found  the  main  physical 
features  of  England  fully  developed,  and  the  Mesozoio  escarpments 
occupying  their  present  positions,  we  know  from  the  relations  of  the 
Pleistocene  (Glacial)  deposits  to  these  features."  The  wonderful 
change  which  had  taken  place  during  the  latter  part  of  the  Pliocene 
is  depicted  in  pi.  xiii.  As  if  by  magic  nearly  everything  is  in  its 
place.  The  German  Ocean  is  an  accomplished  fact.  Rivers  drain 
the  valleys  which  prefigure  the  English  and  St.  George's  Channels, 
and  at  length  the  Atlantic  is  permitted  to  mingle  its  watera  with 
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those  of  the  deep  Norwegian  basin.  The  river-system  is,  on  the 
whole,  similar  to  that  whioh  now  exists,  and  we  may  fairly  infer 
that  the  building  of  the  British  Isles  was  completed.  All  we  oan 
say  is,  that  there  must  have  been  good  workmen  in  later  Pliooene 
times ;  for  if  these  views  are  oorreot,  considerably  more  than  half 
the  physical  features  of  the  British  Isles,  both  geographical  and 
hydrographical,  date  from  this  limited  interval  of  geologic  time. 

In  dealing  with  the  final  or  Pleistocene  stage,  its  abnormal  climate, 
its  submergences,  and  all  the  other  enigmas  of  the  Great  Ice  Age, 
the  author  avoids  the  extreme  theories  which  find  so  much  favour  in 
some  quarters.  He  allows  that  "  the  uncertainty  which  exists  with 
regard  to  the  real  succession,  and  to  the  precise  mode  of  formation 
of  these  Olaoial  deposits,  makes  it  unsafe  to  attempt  a  geographical 
restoration  of  any  of  the  several  phases  of  the  Glacial  epoch."  He 
prefers  to  select  for  illustration  the  period  in  Pleistocene  time  when 
the  rigour  of  the  Ice  Age  had  moderated,  and  when  the  British 
region  had  emerged  from  the  waters  of  the  Glacial  Sea.  The  bed  of 
the  German  Ocean  is  now  so  filled  with  debris  that  ''  the  upheaval 
necessary  to  convert  this  sea  into  land  after  the  Glacial  period  was 
100  fathoms  less  than  would  have  been  required  to  effect  the  same 
result  in  later  Pliocene  time."  An  extension  of  the  Rhine  meanders 
through  the  great  plain,  to  which  the  rivers  of  Eastern  England  are 
tributary.  This  represents  the  epoch  when  the  coast-line  of  Western 
Europe  coincided  with  the  80  fm.  contour.  Subsequently  the  water 
gains  on  the  land,  these  low-lying  tracts  are  destroyed,  and  our 
narrow  seas  are  being  cleaned  out.  The  last  great  geographical  touch 
was  given  when  the  tidal  waters,  assisted  perhaps  by  depression,  eat 
their  way  across  the  low  water-shed  of  two  river-valleys  which  is 
now  marked  by  the  Straits  of  Dover. 

We  have  followed  Mr.  Jukes-Browne  with  much  pleasure  through 
this  very  interesting  study  in  geographical  evolution,  and  can 
strongly  recommend  it  to  the  attention  of  all  geologists  and  physical 
geographers.  In  a  case  of  this  sort  it  is  far  easier  to  criticize  than 
to  construct,  and  no  doubt  each  specialist  could  find  something  to 
suggest  in  every  stage  of  the  process  from  the  earliest  Palasozoics  to 
the  latest  Pleistocene  times.  Many  points,  also,  in  ancient  geo- 
graphies must  for  ever  remain  mere  matters  of  opinion.  What  is 
especially  to  be  commended  in  this  book  is  its  freedom  from  any 
extravagant  ideas :  the  author  has  taken  for  his  motto,  in  medio  tulia- 
Bimtu  ibis,  and  in  this  spirit  has  acted  throughout. — W.  H.  H. 
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NOTE  ON  A  GLACIAL  BED  IN  BEDFORDSHIRE. 

Sib, — The  Lower  Greensand  forms  a  well-marked  escarpment 
running  parallel  to  that  of  the  Chalk  through  Bedfordshire,  and  over- 
looking the  flats  consisting  of  Oxford  and  possibly  Kimeridge  Clay. 
About  a  mile  from  Ampthill  in  the  direction  of  the  ruined  mansion 
ut  Houghton,  quite  on  the  edge  of  the  escarpment,  and  facing  the 


480  Correspondence — Mir.  Arthur  JET.  FbortL 

north-west,  there  is  a  large  pit  worked  for  sand  and  gravel,  whidi 
has  apparently  escaped  attention,  or  at  least  description.  The  bedi 
are  obyiously  Glaci^J,  and  apparently  coeval  with  the  Bonlder-claj, 
bot  the  boulders  and  pebbles  are  cemented  with  greensand,  and  not 
with  clay.  The  stratification  is  distorted,  and  diaoontinaoos.  Ths 
greatest  depth  of  the  section  is  abont  35  feet,  and  the  beds  extend 
further  beneath.  Beginning  from  below,  the  layers  are  in  one  part 
as  follows  :  loam,  conglomerate  of  boulders,  clay,  conglomerate,  sand, 
pebbles  and  half-rounded  flints,  sand,  conglomerate,  sandy  subsoil; 
the  thickness  of  each  layer  being  three  or  four  feet.  The  pebblei 
and  fossils  are  of  all  ages,  but  flint,  chalk  boulders,  and  hard  iron 
sandstone  predominate.  There  are  also  fragments  of  lignite ;  Am- 
monites from  the  Oolite;  Granite,  and  Igneous  rocks.  It  is  jnst 
possible  that  the  beds  have  been  deposited  under  the  combined  action 
of  ice  and  rivers,  but  the  beds  in  no  way  resemble  the  river-gravels 
of  the  Ouse.  A  layer  of  sand  3  or  4  feet  thick,  and  about  25  feet 
in  length,  is  absolutely  free  from  pebbles,  and  is  of  a  fine  white 
texture,  similar  to  that  used  for  commercial  purposes,  and  quarried 
from  the  Lower  Oreensand  in  many  places.  It  looks  as  though  it 
bad  been  pushed  or  transported  bodily,  without  any  disturbance  firom 
the  Greensand. 

The  conglomerate  is  extremely  hard,  and  fractures  occnr  acron 
the  contained  pebbles  like  Hertfordshire  pudding-stone.  A  search 
for  flint  implements  proved,  as  was  expected,  futile. 

This  section  thoroughly  deserves  a  visit,  and  I  should  be  glad  to 
learn  the  opinion  of  geologists  about  its  age  and  probable  method  of 
formation. 

P.S. — Mr.  Cameron,  of  H.M.  Geological  Survey,  is  of  opinion  that 
these  beds  are  Middle  Glacial. 

A.  S.  Eve. 

Marlborough  College. 


DISCOVERY  OP  A  CIRRIPEDE  IN  CANADIAN  PALEOZOIC  ROCKS. 

Sir, — I  have  just  received  a  communication  from  my  friend  Mr. 
Henry  M.  Ami,  M.A.,  F.G.S.,  of  the  Geological  Survey  of  Canada, 
dated  Ottawa,  2drd  August,  1888,  in  which  he  makes  the  following 
interesting  announcement  in  a  postscript : — 

**  Last  Saturday  afternoon,  whilst  collecting  in  the  *  Siphonotreta * 
band  [lower  part  of  Utica  Formation  =  Bala  Limestone  Group,  in 
part]  along  the  Hideau  River — near  the  rifle  range — I  had  the  good 
fortune  to  come  across  what  appears  to  be  a  fossil  Cirripede,  allied 
to  Turrilepas,  The  group  to  which  these  ancient  barnacles  belong 
lies  still  in  much  obscurity ;  Darwin,  Woodward,  Lindstriim,  Hall, 
and  Clarke  have  written  on  them.  I  think  this  is  the  first  time  we 
have  found  any  in  Canada  in  PalsBOZoic  rocks." 

I  have  only  to  add  that  I  expect  shortly  to  receive  the  specimen 
from  Mr.  Ami  for  description. 

Abthtb  H.  Foord. 

66,  Edith  Road,  West  K£N8inoton,  W. 
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I. — Note  on  bomb  Silurian  Lagenje. 
By  Hen&t  B.  Bkadt,  LL.D.,  F.B.S. 

(PLATE  XIII.) 

WE  are  in  possession  of  so  little  aocurate  information  concerning 
Foraminifera  of  pre-Carboniferoas  age,  that  any  contribution 
to  the  knowledge  of  the  subject,  however  insignificant  it  may  of 
iteelf  appear,  has  a  very  distinct  value.  The  only  notices  of  pre- 
Carboniferous  examples  of  the  genus  Lagena  hithertc^  published 
OGoar  in  a  provisional  list  of  Microzoa  drawn  up  by  Professor  T. 
Rupert  Jones,  F.K.S.,  and  appended  to  a  paper  by  Mr.  J.  Smith  of 
Kilwinning,  *'  On  a  Collection  of  Bivalved  Entomostraca  and  other 
Microzoa  from  the  Upper-Silurian  Strata  of  the  Shropshire  District," 
in  the  Gbologioal  Magazine  for  February,  1881 ;  apd  in  a  brief 
allasion  to  the  same  specimens  in  the  **  Report  on  the  Challenger 
Foraminifera "  (p.  449,  etc.) ;  but  in  neither  case  is  the  notice 
Bocompanied  by  any  details. 

Recently,  through  the  kindness  of  my  friend  Prof.  T.  Rupert 
Jones,  I  have  had  the  opportunity  of  examining  a  number  of  speci- 
mens, similar  in  many  respects  to  those  just  referred  to,  collected  by 
kbe  late  Dr.  H.  B.  Holl  in  a  neighbouring  county  and  from  beds 
ipproximately  of  the  same  age,  and  have  had  permission  to  use 
them  in  any  way  needful  for  their  elucidation.  Mr.  J.  Smith  has 
ilso  been  good  enough  to  lend  me  his  original  mountings  with  the 
same  liberty  as  to  their  employment  1  have  thus  been  enabled  to 
make  a  tolerably  complete  examination  of  the  whole,  the  results  of 
svhich  are  embodied  in  the  following  notes. 

Prof.  T.  R.  Jones's  collection  consisted  of  between  forty  and  fifty 
specimens,  typical  examples  of  which  are  represented  in  Figs.  1-4 
>f  the  accompanying  Plate,  lliey  were  obtained  from  the  base  of 
he  Wenlock  Shale  and  from  the  shales  of  that  part  of  the  Lower- 
i¥enlock  Series  known  as  the  Woolhope  Limestone ;  all  from  the 
f^ych,  Malvern. 

The  specimens  exhibit  considerable  range  of  contour ;  some  few 
re  nearly  globular,  but  the  larger  number  are  pyriform,  the  inferior 
nd  of  the  test  broad  and  rounded,  the  upper  portion  more  or  less 
apering,  as  shown  in  Fig.  1.     Some  of  the  shells  are  perceptibly 

DSCADB  m. — VOL.  T. — HO.  XI.  31 


482  n.  B.  Brady — Silurian  Lagenm. 

flattened  on  two  sides,  probably  the  result  of  preBsiire,  and  present 
an  oval  instead  of  a  circular  transverse  section.  A  few  specimeDS 
of  smaller  size  (Fig.  4)  are  more  elongate  and  fusiform,  the  two  endi 
being  drawn  out  nearly  equally  and  the  inferior  extremity  bluntly 
pointed.  Tbe  surface  of  the  fossils  is  generally  rough,  owing  partly 
to  the  corrosion  of  the  test  and  partly  to  the  adhesion  of  minato 
fragments  of  the  matrix.  The  aperture  ia  simple  and  circular,  often 
indistinct  owing  to  the  nature  of  the  infiltrated  material.  The 
specimens  vary  much  in  point  of  size,  measuring  from  tV  to  iV  ii^ch 
(roughly  from  1  to  2  millim.)  in  length,  and  from  V)r  to  iV  inch 
(0*42  to  1*4  mm.)  in  transverse  diameter. 

None  of  this  set  exhibit  the  long  tapering  neck  which  gives  to  the 
typical  Lagena  Itevia  its  characteristic  flask-like  contour.  It  is  true 
that  the  neck  may  have  existed ;  but  if  so,  it  is  remarkable  that  it 
has  not  in  any  case  been  preserved  either  in  the  form  of  external 
shell  or  intemid  cast,  inasmuch  as  it  remains  uninjured  in  smaller 
and  more  delicate  specimens  from  a  not  far  distant  locality.  When 
first  examined,  it  was  thought  possible,  chiefly  on  account  of  their 
size,  that  some  of  these  little  fossils  might  turn  out  to  be  Pol^mor' 
phiua,  as  they  bear  considerable  external  resemblance  to  certun 
species  of  the  '*  Globuline  "  section  of  that  genus  ;  but  neither  on 
the  surface  nor  in  the  interior  have  any  traces  of  septation  been  dis- 
covered. After  careful  comparison  it  does  not  appear  that  the 
dimensions  of  even  the  larger  examples  need  be  a  serious  objection 
to  their  acceptance  as  Lagena.  It  is  true  that  either  amongst  reoent 
or  fossil  Lag^a,  shells  measuring  -^  inch  (1*2  mm.)  are  very  rare; 
but  the  *'  Challenger "  dredgings  furnished  at  least  one  representa- 
tive of  this  genus  {Lagena  marginata),  the  diameter  of  which  inclod- 
ing  the  wing  was  just  about  the  same  as  that  of  the  largest  of  the 
Silurian  specimens,  namely,  iV  inch  (2  mm.). 

That  some  of  the  specimens  under  notice  are  only  casts,  and  that 
the  others  have  had  the  exterior  much  weathered  and  corroded, 
admits  of  no  doubt ;  nevertheless,  thin  sections  of  the  smoother  more 
perfect  individuals  show  unmistakable  remains  of  the  original  teat 
(Fig.  3).  Where  least  altered  this  is  seen  to  be  a  tolerably  homo- 
geneous wall  about  y^  inch  (0*036  mm.)  in  thickness.  Treated 
with  weak  acid  both  the  test  and  its  subcrystalline  contents  dissolve 
rapidly,  leaving  only  a  faint  trace  of  siliceous  residue. 

Compared  with  the  foregoing,  the  specimens  collected  by  Mr.  J. 
Smith,  which  number  about  twenty  in  all,  are  of  exceedingly  small 
dimensions.  In  point  of  size  they  have  nothing  to  distinguish  them 
from  average  recent  examples  of  the  genus.  They  are  mostly  of  the 
simple  flask-shaped  type,  with  rounded  base  and  long  tapering  neck 
(Figs.  6 — 10),  with  which  we  are  familiar  as  Lagena  lavia.  They 
vary  in  length  from  -gV  to  4V  inch  (0*28  to  0-57  mm).  A  few  have 
the  pointed  base  (Fig.  5)  which  characterizes  the  varietal  form 
known  as  L,  clavata.  They  are  for  the  most  part  casts,  and  it  is 
difficult  to  say  whether  any  portion  of  the  original  shell- wall  remains, 
though  transparent  8ec\\oT\%  (^K^.V^^^  %kWic  in  places  a  more  or  less 
distinct  external  la^et,  d\ft«t\xv^\XL\«xXxa^ix^\a.^^>asc^^  ^ct^T^&tal* 
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line  maps.  One  or  two  of  the  fossils  exhibit  traces  of  exogenous  spiral 
ornament  round  the  neck  (Fig.  6),  a  not  uncommon  feature  of  recent 
Lagena  and  Nodosaria.  What  is  more  remarkable  is  the  tendency 
shown  in  a  very  large  proportion  of  the  specimens  to  produce  a  local 
thickening  of  the  neck  in  the  form  of  an  external  rim  or  collar. 
Many  years  ago  Dr.  Alcock  described  some  similar  flask -like  Lagena 
from  the  shore-sand  of  Dog's  Bay,  Gonnemara,  in  the  following 
terms  : — "  Finely  granular  in  texture,  the  surface  without  any  raised 
markings,  and  at  the  base  of  the  neck  a  projecting  collar."  ^  To  these 
he  gave  the  name  Lagena  anttqua.  More  recently  Dr.  Marsson  has 
figured  a  costate  variety  with  similar  collar  from  the  Chalk  at  Riigen, 
under  a  distinct  generic  name,  Capitellina,^  But  the  fact  is  that 
ectosolenian  Lagena  of  all  kinds  may  be  found  with  exogenous 
neck-ornament,  which  may  either  take  the  form  of  a  collar,  as  in 
the  present  case,  or  of  a  series  of  rings,  a  spiral  thread,  scattered 
spines,  or  a  number  of  symmetrically  disposed  vertical  buttresses. 
Becent  specimens  exhibiting  these  and  other  varieties  of  neck- 
ornament  are  figured  in  Plates  Ivii.  and  Iviii.  of  the  Report  on  the 
'Challenger'  Foraminifera,  and  it  will  be  readily  seen  from  them 
how  little  importance  is  to  be  attached  to  such  features  as  distinctive 
zoological  characters :  nevertheless,  it  is  exceedingly  interesting  to 
meet  with  like  morphological  conditions  amongst  the  earliest  known 
representatives  of  the  genus.  That  the  ring  or  collar  is  seldom 
quite  symmetrical  in  the  fossil  specimens  under  notice,  probably 
depends  either  on  pressure,  many  of  the  shells  being  to  all  appear- 
ance crushed  out  of  shape,  or  on  the  unequal  weathering  of  the 
surface,  perhaps  on  both. 

In  one  or  two  instances.  Fig.  11  is  an  example,  the  specimens 
show  the  remains  of  superficial  costas,  though  considerably  obscured 
by  the  pressure  to  which  they  have  been  subjected.  There  need  be 
little  hesitation  in  assigning  these  to  the  well-known  recent  species 
Lagena  suleata. 

The  localities  given  with  Mr.  Smith's  series  are  Lincoln  Hill  and 
the  railway-cutting  at  Ironbridge,  Dorminton  Wood,  Benthall  Edge, 
Sedgley,  and  Woolhope. 

From  these  gatherings  we  learn  that  at  least  four  of  the  varieties 
of  Lagena  at  present  living  in  our  seas,  namely,  Lagena  glohosa^  L,  lavis, 
L,  elavata,  and  L.  atdeataf  have  a  genealogy  reaching  back  to  the 
Upper-Silurian  epoch.  Nothing  unfortunately  can  be  said  as  to 
the  probable  depth  of  the  deposit  in  which  they  have  been  found, 
inasmuch  as  similar  forms  have  been  taken  in  the  living  condition 
at  almost  every  depth  from  the  littoral  zone  down  to  2500  fathoms. 

I  may  be  permitted  just  to  add  that  the  accompanying  Plate  has 
been  drawn  by  Mr.  Hollick,  with  his  accustomed  accuracy,  direct 
from  the  specimens. 

1  «Mem.  Lit.  and  Phil.  Soc.  Manchester,"  1868,  ser.  3,  vol.  iii.  p.  176,  pi.  ir. 
flg.  3. 

'  CapiUllina  muliittriata,  Marsson,  1878,  Mittli.  lUBit.  N«c.  '^«vl-^ot^t&.  ^ 
Bu^en,  Jabig.  x,  p.  123,  pi.  i.  fig.  3. 
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EXPLANATION  OP  PLATE  XIIL 

Figf .  1-3.      La^ena  glohoML^  Montega,  ip. 

1.  Lateral  aspect;  2.  Oral  aspeet  Magnified  25 

3.  Longitudinal  section  x  35. 

Fig.  4.  Lagmta  elavala,  D'Orbignj,  sp.  (P)  x  35. 

Fig.   6.  Lapena  elarata,  D*Orbignj,  sp.  x  100. 

Figs.  6-10.     Lagenm  /isru,  Montagu,  sp. 

6.  Small  specimen  with  remains  of  spiral  neck- 
ornament.  X  100. 

7,  8,  9.  Specimens  with  collar  encircling  the  neck,  x  100. 
10.  Longitudinal  section.  x  100. 

Fig.  11.  Lagina  suicata.  Walker  and  Jacob. 

Crushed  specimen ;  lateral  a^>ect  x  100. 


IL — On  thv  Discotkry  of  the  Olknbllus  Fauna  in  the  Lowie 

Cambrian  Rocks  of  Britain. 

By  Prof.  Charles  Lapworth,  LL.D.,  F.R.8.,  F.O.S. 

THE  brief  paper  on  the  "  Stratigraphical  Suooession  of  the  Cam- 
brian Faunas  in  North  America,"  commnnicated  to  Nature  of 
Oct  4,  1888,  will  have  been  read  by  British  students  of  the  C^eology 
of  the  Lower  PalsBOZoic  Rocks  with  especial  interest  and  satisfaction, 
as  it  puts  an  end  to  a  controversy  between  European  and  American 
Geologists,  and  brings  into  harmony  the  sequence  and  palasontology 
of  the  Cambrian  faunas  on  both  sides  of  the  Atlantia 

The  remarkable  fauna  of  the  Olenellus  or  lowest  Cambrian  zone, 
originally  discovered  in  America  by  Dr.  Emmons  in  1844,  was  first 
recognized  in  Europe  by  the  late  Dr.  Linnarsson  in  1871,  in  the  basal 
zones  of  the  Cambrian  near  Lake  Mosen  in  Norway,  bat  its  typical 
genus  Olenellus  was  then  referred  by  him  to  the  allied  but  more 
recent  genus  Paradoxides.  This  reference  was  corrected  by  Prof. 
Brogger  in  1875  ;  and  the  various  brilliant  papers  on  the  Primoidial 
formations  by  this  author  have  given  the  Olenellus  fauna  a  marked 
and  peculiar  interest.  In  1882  Linnarsson  next  made  known  the 
existence  of  the  Olenellus  fauna  in  Scania,  at  the  base  of  the  Swedish 
Cambrian.  In  1886  the  same  fauna  was  detected  by  Mickwitz  in 
the  Lower  Cambrian  of  Russia  (Esthonia),  and  this  Russian  fauna 
has  been  lately  figured  and  described  in  detail  by  Dr.  Schmidt  of 
St.  Petersburgh.  Still  more  recently  (December,  1887)  Dr.  Holm 
has  signalized  the  existence  of  the  Olenellus  fauna  in  the  Cambrian 
of  Lapland,  where  it  was  detected  by  Morstell  in  1885. 

Thus  the  existence  of  this  remarkable  fossil  group  (the  oldest 
well-marked  fauna  yet  recognized  by  geologists)  in  the  Lower  Cam- 
brian Rocks  has  been  already  demonstrated  in  three  main  regions, 
viz.  (1)  in  the  region  of  the  Rocky  Mountains;  (2)  in  the  region 
of  North-East  America ;  and  (3)  in  the  region  drained  by  the  Baltic 
Sea.  But  up  to  the  present  time,  no  notice  of  its  presence  has  been 
recorded  from  the  British  Islands,  where  the  oldest  fauna  hitherto 
described  is  that  of  the  overlying  Paradoxides  zones,  or  Middle 
Cambrian  formations. 

The  presence  of  traces  of  the  Olenellus  fauna  in  the  West  of 
England  has,  boweveT^Xie^iv  Vxio^w  Vi  \si>3^^\^  ^qt  some  time.  The 
first   recognizable  irftgai^TiV&  ol  >^^  ^^^R.\«rv^>ass.  ^^^^^  ^\i»!^>i 
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were  detected  by  me  on  the  flanks  of  Oaer  Caradoo  in  1885,  but 
they  were  too  imperfect  for  description.  Daring  the  summers  of 
1887  and  1888,  Mr.  H.  Keeping  of  Cambridge,  who  has  been  col- 
lecting under  my  direction  the  characteristic  fossils  of  the  Lower 
Palasozoio  rock-zones  of  the  district,  for  the  Woodwardian  Museum, 
has  obtained  a  sufficiency  of  fragments  to  enable  us  to  recognize 
a  large  and  well-marked  species  of  Olenellus,  This  species  possesses 
characters  apparently  intermediate  between  the  European  form 
OleneUus  Kjerulfi  (Linnarsson)  and  the  undesoribed  American  form 
Olenellus  Brdggeri  (Walcott,  MS.) ;  but  it  is  so  closely  allied  to  the 
last-named  species,  that  I  prefer  to  await  the  publication  of  Walcott's 
diagnosis  of  his  form  before  publishing  its  specific  description.  I 
have  proyisionally  named  it  Olenellus  Callavei,  after  Dr.  Charles 
Callaway,  F.O.S.,  who  was  the  first  to  demonstrate  the  presence  of 
fossiliferous  Cambrian  rocks  in  this  Shropshire  district,  and  to  collect 
Cambrian  fossils  from  the  special  strata  under  notice. 

This  lower  Cambrian  or  OleneXLus  formation  of  the  Shropshire 
area  consists  of  two  main  members,  viz.  the  basal  Quartzite  of 
Lawrence  Hill  and  Caer  Caradoc,  and  an  overlying  green  sandstone, 
the  Comley  Sandstone  (Hollybush  Sandstone  of  Dr.  Callaway). 
This  formation  follows  unoonformably  upon  the  so-called  Uriconian 
rocks  of  the  district,  and  occurs  in  many  localities,  as  at  Lilleshall, 
the  Wrekin,  Caer  Caradoc,  Cardington,  etc.  In  mapping  this  forma- 
tion through  the  district  I  find  that  its  fossils  are  mainly  confined  to 
the  sandstones  and  to  certain  calcareous  and  phosphatic  ?  beds  within 
them.  In  addition  to  Olenellus  we  find  in  various  localities  such 
characteristic  Lower  Cambrian  forms  as  Kutorgina,  Miekwiizia  ?  and 
Acrothele.  The  strata  of  this  Olenellus  zone  are  succeeded  irregularly 
by  (usually  faulted  against)  the  Shineton  shales  of  Dr.  Callaway, 
which  have  long  been  known  to  contain  in  their  highest  zones  an 
abundant  fauna  of  Lower  Tremadoc  (Upper  Cambrian)  age.  No 
trace  of  the  intermediate  or  Paradoxides  fauna  has  yet  been  detected. 

Although  this  discovery  has  been  well  known  to  my  fellow- 
workers  among  the  Lower  Palsdozoic  Bocks  of  Britain,  I  have 
refrained  from  placing  it  upon  record,  until  my  identifications  could 
be  confirmed  by  foreign  palsdontologists  familiar  with  the  Olenellus 
&una  abroad.  But  as  the  specimens  I  exhibited  at  the  London 
meeting  of  the  Geological  Congress  were  unhesitatingly  referred  to 
the  typical  Olenellus  fauna  by  Mr.  Walcott  and  Dr.  Schmidt,  there 
is  no  longer  any  excuse  for  withholding  its  publication. 

The  necessary  geological  and  palsBontological  details  will  appear 
in  due  course ;  but  as  these  new  facts  may,  it  is  hoped,  lead  geologists 
in  the  meantime  to  a  renewed  investigation  of  the  strata  and  fossils 
of  the  more  ancient  formations,  it  will  perhaps  be  of  service  to 
point  out  that  the  detection  of  this  lowest  Cambrian  fauna  in  beds 
superior  to  the  Wrekin  Quartzite  opens  out  a  fresh  series  of  problems 
in  British  geology.  The  presence  of  Olenellus  in  these  beds  appears 
at  first  sight  to  fix  distinctly  the  pre-Cambrian  age  of  the  so-called 
Uriconian  rocks  of  the  Wrekin  and  their  British  e<\u\vel^\it^,  %sA 
even  to  render  the  pre-Cambrian  age  of  tiie  liOXi^m^ii^^dSL  ^  xsa^vXkl 
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of  fair  probability.  With  the  Longmynd  rocks  would  poesiblj  go 
the  Torridon  Sandatone  of  N.W.  Scotland,  the  Schists  of  St  Lo  in 
France,  the  Sparagmites  of  Norway,  etc  Again,  if  the  Wrekin 
Quartzite  is,  as  has  been  more  than  once  suggested,  the  extension  of 
that  of  Nuneaton  and  Durness,  then  onr  so-called  Upper  Cambrian 
of  the  Mai  Terns,  Central  England  and  N.W.  Scotland,  may  be  in 
reality  a  greatly  attenuated  representative  of  the  Cambrian  system 
in  general,  the  British  extension  of  the  remarkably  attenuated  Pro- 
terozoic  formations  of  Northern  and  Western  Europe.  If  so,  tbis 
attenuated  Cambrian  may  eventually  be  mapped  as  patches  of  an 
originally,  fairly  continuous  band,  ranging  from  Liapland,  through 
Estbonia,  Scania,  Norway,  Scotland,  Central  England,  France  and 
Spain  to  the  Island  of  Sardinia.  The  Sardinian  and  Durness  for- 
mations on  the  extreme  S.E.  and  N.W.  points  of  this  line  would 
agree  in  lithology,  age,  and  fauna,  both  ranging  from  the  base  of  the 
Cambrian  up  to  the  lowest  zones  of  the  Ordovioian.  It  should  care- 
fully be  borne  in  mind,  however,  that  in  the  present  state  of  oar 
knowledge  these  suggestions  must  be  regarded  simply  as  constituting 
a  provisional  working  hypothesis,  of  service  mainly  as  a  stimulus  to 
future  discussion,  investigation,  discovery,  and  correction. 

Grouping  together,  however,  such  facts  as  are  already  known,  and 
employing  Mr.  Walcott's  nomenclature,  we  are  now  able  to  parallel 
his  American  tables  by  the  following  European  equivalents : — 

Table  I. — North-  Weatem  Europe. 


Norway. 

SWEDSN. 

ESTHONIA. 

TiAPLAXD. 

m 

Si! 

PC 
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Dictyonema 
and  blenus. 

Dictvonema 

and 
Olenus  zones 

Dictyonema 

Unknown. 

CO 

< 

Mid.  Cambrian 

or    Para- 
doxides  zones. 

Paradoxides 
zones. 

Paradoxides 
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P 
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Low.  Cambrian 

or 
Olenellus  zones. 

Olenellus  zones 

Olenellus 

Olenellns 

OlflneOns 

Tablb  it. — British  Islands. 
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8HIBB. 


Enolamo. 
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Olenus 

Paradoxides 


Unknown 


Dictyo-    I    I 
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Olenus. 
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si 
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Unknown  .  .3 
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Table  JJl.—  Centrtd  and  Souli-Weit  Europe. 


Cbhtbal 
Edrofb. 

BlLOIDM. 

HoxTAOio  Noun 
S.E.  Frascb. 

Sfaih. 

L'Z°m' 

i 

Up.  Cambrian 
Olenui  tooM. 

Olenu* 
(Hoi) 

Dictjo- 

OlGDUl 

■p 

11 

9 

i 

Mid.  Cambrian 

or  P«nt. 
doiidn  lonou 
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(Boheraia) 
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l1 

1 

Low.  Cambrian 
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Uufaioini 
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III.  — NOTB  OS  THE  QeNDS  ActINOCERAS,  with  PABTICULARRBrEREHOE 

TO  SPEOmBHB  IK  THE  Bbitibs  MnaKUH,  bbowino  the  Pebfobatbd 
Apex  of  the  Siphuhole. 

B;  AsTHUB  H.  Foord,  F.O.B. 

rE  genas  Aetinoeerat  was  founded  by  Bronn  in  1837,'  upon  Dr. 
Bigsbj'fl  figures  in  the  Transaction  a  of  the  Geologioal  Society  ;' 
the  chief  distinguishing  oharaoter  being  the  possession  of  a  large, 
dilated,  and  segmentod  aiphnncle,  filled  with  radiating  deposits, 
llie  presence  of  a  smaller  internal  tube  with  tubuli  radiating  there- 
from and  com munioa ting  with  the  septal  chambers  through  die  wall 
of  the  siphunole,  had  not  then  been  observed. 

Fm.  1.  Fio.  2. 


FlO.  1.  Wsathered  frsgment  of  Aetinoetrat  Bigibgi,  showing  the  «ado«iphon.  «i, 
with  some  of  iU  tubnli,  t  (thiukened  bj  incnutationa  ol  peBrl-spBi),  i,  upta. 
Nat.  size.  From  the  Black  Eiver  Fortnadon  of  Thessalan  Island,  Lake  Huron. 
Fio.  2.  Fragment  of  the  same  apecies,  ahowing  the  foraminn,  /,  in  the  walii  of  the 
siphuncle,  by  wbich  the  tubuli  tbronn  out  by  the  endosiphon  may  bare  g~~ 
mnnitated  with  the  septol  cbamttwe ;  i,  aepta.  Natural  b-—  " — 
Cincinnati  Croup,  Vsraaillea,  Kentucky. 

■  Iiotbna  Qoognoitica,  Zweite  Aufl.  Band  L  p.  97. 

*  Ser.  3,  Tol.  1.  1S24,  p.  1S8,  pi.  UT.  flgi.  1,  2  («ld.  fig.  t). 


From  the 
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Aelinoeeras  has  been  reoognized,  either  in  a  generio,  or  in  a  sub- 
generio  sense  (under  Orthoeeroi)  by  Stokes,  Portlook,  M*Coy, 
d'Orbigny  (as  equivalent  to  ConoiMUtrta^  Trooet),  S.  P.  Woodward, 
Hall  (under  the  name  of  OrmoceraB,  Stokes),  Saemann,  Barrande, 
FenL  Roemer,  d'Eichwald,  Owen,  H.  Woodward,  Whitfield,  Blake^ 
and  Hyatt. 

The  above  figures  have  been  drawn  from  specimens  in  the  British 
Museum,  and  are  designed  chiefly  to  illustrate  the  stmotore  of  the 
siphuncle,  in  which  the  characters  of  the  genus  reside. 

The  shell  in  some  species  of  Aetinoeerat  (e.g.  A,  giganiemm)  ib  veiy 
large,  in  others  it  is  of  medium  size ;  it  is  straight^  or  slightly  bent 
in  the  young  shell,  and  is  circular  or  subcircular  in  oroes-secdon. 
The  sutures  are  usually  more  curved  than  they  are  in  Orihoeerai, 
the  necks  or  recurved  portions  of  the  septa  are  Tory  shoxt,  and  ars 
often  incrusted  with  crystalline  deposits  ("anneauz  obstmotoon" 
of  Barrande),  and  these  sometimes  fill  the  spaces  in  the  siphunoolar 
cavity  not  occupied  by  the  endosiphon  and  the  tubuli  proooedivg 
from  it  The  siphuncle  is  sometimes  very  large  in  proportion  to  tte 
shell,  it  may  be  equal  to  half  the  diameter  of  the  latter ;  ft  is 
considerably  dilated  between  the  septa,  forming  thereby  a  series  of 
segments  of  a  compressed-globular  shape.  The  first  of  these  is 
broadly  conical,  and  is  perforated  just  above  the  apex  with  a  large 
foramen,  which  served  as  a  passage  for  the  endosiphon  from  the 
initial  chamber  into  the  siphuncular  cavity.  The  shelly  wall  of  the 
segments  is  rarely  preserved,  but  their  calcified  lining  membrane 
beneath  is  very  characteristic,  presenting  a  series  of  longitudinal  folds 
or  wrinkles.  The  endosiphon  (Fig.  1,  en)  is  provided  with  a  distinct 
wall,  and  gives  off,  at  intervals  between  the  septa,  a  number  of 
radiating  canals  or  tubuli  (Fig.  1,  i)  which  are  seen  to  penetrate  the 
wall  of  the  siphuncle,  and  thus  to  communicate  with  the  septal 
chambers,  to  which  they  may  have  conveyed  blood-vessels,  as 
suggested  by  Owen.* 

The  structure  to  which  I  desire  now  to  direct  particular  attention 
is  the  perforation  in  the  apex  of  the  first  segment  of  the  siphuncle. 
There  can  be  no  doubt  that  this  is  strictly  analogous  to  the  per- 
foration in  the  apex  of  the  siphuncle  in  Piloceras,'*  and  that  through 
this  opening  the  endosiphon  passed  from  the  initial  chamber  into  ^e 
siphuncular  cavity. 

The  rare  preservation  of  the  apical  extremity  of  any  of  the  straight 
shelled  Cephalopods  of  the  genera  Orthoceras,  Endoceras,  Actinoceras^ 
or  Piloceras,  imparts  a  peculiar  interest  and  value  to  the  specimens 
which  are  the  subject  of  the  latter  part  of  this  note. 

it  is  to  be  hoped  that  by  diligent  search  other  specimens  may 
yet  be  found  which  will  throw  more  light  upon  these  remarkable 
structures. 

*  Palffiontology,  1860,  p.  86. 

'  See  paper  on  thia  genus  by  the  present  writer  in  the  Geological  Maoazixi 
for  December,  1887. 
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Fio.  3.  I,  front  Tiev  of  a  weathered  fragment  of  the  apical  ei 

Bigtbj/it;  ■hawing  [/)  the  large  foramen  and  the  row  of  minute  foramina 
■itnated  at  f,  tha  moat  elsTated  part  of  the  niphunculHr  legmenta,  Natnrol  aLie. 
FiMD  the  filack  Riier  Fonnatiou  (?],  Igloolik  laUnd,  Arctic  America. 

Fio.  i.  Tiew  of  part  of  b  much  eroded  fre^eTtt  of  an  Aeliru>etrat,  connstjng  of  ths 
intarnal  cart  o(  Kime  of  the  septal  chambers,  and  the  liphuncalar  *egmant  with 
ita  toiamen  (/).  Three- qauten  natural  aize.     Fio.  3. — 2,  side  new  of  part  of 
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By  W,  J.  MoGbi  ; 

Of  the  United  States  Geological  Surrej,  Potomac  Hiiision,  Washingtoii,  D.C. 


defiDitions,  growing  ont  of  the  discriini nation  of  prooessee  oommonly 
ooufounded  but  really  distinct,  Beem  to  be  timely. 

The  varioQB  prooesBeB  with  which  the  geologist  has  to  deal  fall 
naturally  into  two  priacipal  and  antagonistio  categorieB  and  five 
Bubordinate  and  Bupplemeutal  oategorioB;  and  each  cat«gory,  great 
and  Bmall,  oomprises  two  antagouistio  classes  of  movements  or 
agencies. 

The  initial  geologic  movements  (bo  far  as  can  be  inferred  frank 
th«  present  oondition  of  the  rooks  of  tlie  eaiXtV)  v%Te  ^^AtutRiu  >» 
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displacement  of  the  solid  or  solidifying  terrestrial  cnut  in  sndk 
manner  as  to  produce  irregularities  in  the  aorfooe  of  the  globe. 
These  are  the  movements  involved  in  mountain-growth  and  in  the 
elevation  of  continents;  they  have  been  in  operation  j&om  tha 
earliest  eons  recognized  by  the  geologist  to  the  present  time;  and 
their  tendency  is  ever  to  deform  the  geoid  and  produce  irregaltrity 
of  the  terrestrial  surface.  Such  movements  have  been  designated 
<*  displacement,"  "  diastrophism,"  etc. ;  but  for  the  present  purpose 
they  may  be  called  simply  deformaJdon^  and  the  quality  of  the  move- 
ment may  be  characterized  as  diaatatie.  They  are  partly  veitioal 
(though  there  is  perhaps  always  a  horizontal  element)  and  are  moet 
easily  measured  from  a  fixed  datum-plane — such  as  sea-level — and 
are  therefore  commonly  separated  into  elevation  and  depreasum. 

The  second  great  category  of  movements  comprises  the  varioos 
processes  of  aqueous  erosion  and  deposition  initiated  by  the  primary 
deformation  of  the  terrestrial  surface.  By  these  processes  mountains 
and  continents  are  degraded,  and  seas  and  lakes  are  filled  with  their 
debris ;  they,  too,  have  been  in  active  operation  from  the  dawn  of 
geologic  history  to  the  present;  and  they  ever  tend  to  restore  the 
geoid  by  obliterating  the  irregularities  of  the  terrestrial  surface 
produced  by  diastatic  movement  Collectively  the  processes  may  be 
called  gradation;  and  the  antagonistic  operations  comprehended 
under  the  term  are  respectively  degradation  and  depomtion. 

A  subordinate  class  of  processes  by  which  the  rocks  of  the  earth 
are  formed  or  affected  is  the  extravasation  of  lavas  and  other  volcanic 
matter  from  beneath  the  surface,  the  outflow  of  subterranean  waten 
containing  solid  matter  in  solution,  and  the  escape  of  mineral* 
charged  gases,  together  with  the  consequent  collapse  of  cavities 
and  other  crust-movements.  These  processes  have  been  in  operation 
throughout  geologic  time,  though  perhaps  with  diminishing  activity; 
they  have  added  materially  to  the  superficial  strata  of  the  earth ; 
and  they  have  modified  the  geoid  not  only  by  addition  without,  bat 
by  the  commensurate  loss  within  and  consequent  deformation  and 
stnictural  alteration.  The  various  operations  are  commonly  com- 
prehended under  the  term  vulcanism ;  and  the  two  subordinate  classes 
or  processes  of  antagonistic  tendency  which  it  comprises  are  exira- 
vasation  and  its  converse.  The  vibratory  movements  usually  called 
seismic  probably  accompany  both  diastatic  and  volcanic  movements 
under  certain  conditions. 

ITie  second  subordinate  category  of  processes  by  which  the  rocks 
themselves  and  the  operations  of  the  second  great  category  of 
geologic  processes  are  modified,  comprises  the  chemic  and  chemico- 
mechanical  alterations  in  structure  of  the  earth's  strata  brought 
about  by  the  action  of  percolating  water,  air,  and  other  gases,  the 
effects  of  frost  and  other  variations  in  temperature  of  the  exterior 
of  the  earth,  the  rise  of  the  isogeotherms  beneath  the  areas  of 
degradation,  the  heat  resulting  from  deformation,  etc  These  pro- 
cesses have  affected  the  rocks  ever  since  the  solidification  of  the 
planet,  but  probably  with  progressively  diminishing  intensity ;  by 
them  the  rocks  expoaed  \x>  ^egc^^'dN^v^Ti  ox^  ^^N^c^^Sc^du^^djbQQmposed, 
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and  softened,  and  degradation  is  thereby  aooelerated ;  by  them  the 
soft  sediments  are  first  lithified  and  then  (sometimes)  subsequently 
metamorphosed  ;  and  by  them  the  chemic  complexity  and  structured 
heterogeneity  of  the  terrestrial  crust  have  been  largely  produced. 
The  various  processes  are  processes  of  alteration  ;  and  they  comprise 
lithifaction  and  its  converse  {decomposition  and  disintegration  com- 
bined) in  their  various  phases,  or  rock-formation  and  rock-destruction. 

There  is  another  subordinate  category  of  processes  which  are 
intimately  allied  to  those  of  the  second  great  category,  viz.  glaciation. 
Only  two  clearly  defined  periods  of  extensive  glaciation — both  late 
Tertiary  or  Quaternary — are  generally  accepted,  though  others  are 
recognized  by  different  geologists ;  in  general  the  tendency  of 
glaciation  is  to  obliterate  surface-irregularity,  both  by  grinding  down 
elevations  and  filling  up  depressions,  and  thus  to  perfect  the  geoid ; 
but  glaciation  may  also  accentuate  pre-existing  irregularities  of  the 
Burface,  certainly  by  moraine-building  and  probably  by  basin -cutting, 
and  must  therefore  be  set  apart  as  a  unique  agency  in  the  modification 
of  the  external  configuration  of  the  globe.  The  general  process 
comprises  glacial  construction  and  glacial  destruction. 

The  fourth  subordinate  category  includes  the  effects  of  aerial 
circulation,  directly  upon  land  surfaces,  and  indirectly  through  wave 
and  current-action  under  and  about  water  surfaces.  These  pro- 
cesses have  been  in  operation  throughout  geologic  time,  but  so 
indolently  that  little  trace  of  their  products  is  found  save  among 
recent  phenomena ;  in  general  the  tendency  is  to  reduce  elevations 
and  fill  depressions,  and  thus  to  merge  into  gradation ;  but  thero  is 
also  a  tendency  to  build  dunes,  beaches,  and  banks,  and  to  excavate 
both  subaerial  and  subaqueous  basins,  and  thus  to  produce  certain 
minor  irregularities  of  the  earth's  surface  as  well  as  to  perpetuate 
others.  The  general  process  is  wind  action  or  eolation ;  and  its 
subordinate  processes  are,  like  those  of  other  categories,  antagonistic. 

There  is  a  final  category  which  is  in  part  allied  to  alteration,  but 
which  is  in  part  unique,  viz.  the  chemic,  chemico-mechanical,  and 
dynamic  action  of  organic  life.  Ever  since  the  terrestrial  crust 
became  so  stable  as  to  retain  a  definite  record  of  the  successive 
stages  of  world-growth,  life  has  existed,  and  by  its  traces  has 
furnished  the  accepted  geologic  chronology ;  at  first  the  organisms 
were  simple  and  lowly  and  affected  the  rocks  chemically  through 
the  processes  of  growth  and  decay,  as  do  the  lower  plants  and 
animals  of  the  present;  later,  certain  organisms  came  to  contribute 
largely  of  their  own  bodily  substance  to  the  growing  strata;  and 
still  later  the  highest  organisms,  with  man  at  their  head,  have  come 
to  interfere  with  gradation,  alteration,  and  eolation  dynamically, 
and  thus  to  directly  or  indiroctly  modify  the  various  interrelated 
geologic  processes — indeed  it  is  probable  that  in  populous  plains  at 
least  the  several  natural  processes  combined  are  less  potent  factors 
in  geologic  development  than  human  action  alone.  The  vital  forces 
are  too  varied  in  action  to  be  conveniently  grouped  and  compre- 
hensively named. 

This  Bimple  olassifioation  of  elementary  ptooe^^^,  ^wXa^  ^^^^^^^sc^ 
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to  practically  traYcrse  the  domain  of  geologic  soiencey  is 
in  the  aooompanying  table  : — 


Principal 
Categories. 


CloBMificaiion  of  Qeologic  Processe*. 
1.  Defoimatioii 


Sabordinate 
Categories. 


2.  Gradation 

^1.  Yolcamsm 

2.  Alteration 

3.  Gladation 

4.  Eolation 

5.  Vital  action 


fEleration 
1  Bepreosion 
r  Degradation 

Deposition 
'  Extrayasation 

Conrene  of  do. 
/  Litiiifiietion 

{ConTerse  of  do. 
Glacial  constraction 
Glacial  destniction 
r  Eolic  construction 
I  Eolic  destmction 
I  y  ariouB  constmctaTe  and 
\  destmctiTe  processes. 


The  first  principal  category  of  processes  is  supplemented  by  the 
first  subordinate  category,  and  both  tend  to  produce  departures  from 
the  simple  geoidal  form  or  heteromorphiim.  Play  is  thus  given  to 
the  operations  of  the  second  principal  and  the  last  four  subordinate 
categories,  which  are  also  intimately  related,  and,  combined,  tend  to 
produce  heterogeneity  in  the  external  shell  of  the  earth.  The  joint 
result  is  differentiation  of  the  earth's  exterior — the  converse  of  those 
processes  of  concentration  and  segregation  by  which  the  planet  was 
originally  formed  ;  and  the  passage  from  the  stage  of  s^regation  to 
that  of  di£ferentiation  represents  at  the  same  time  the  senescence  of 
the  planet  and  its  entrance  into  the  state  recognized  by  the  geologist 
per  Be. 

Now  the  processes  involved  in  heteromorphism  are  generally 
obscure,  and  many  of  them  are  beyond  the  reach  of  observation. 
Here,  moreover,  the  domain  of  the  physicist  and  astronomer  on  the 
one  hand  and  that  of  the  geologist  on  the  other  overlap ;  here  the 
physicist  contributes  principles  and  makes  deductions  of  great  sug- 
gestiveness  and  often  of  high  value  to  the  geologist,  and  here  the 
geologist  is  an  agnostic  and  assails  the  deductions  of  the  physicist, 
and,  too  often  for  the  good  repute  of  physical  science  as  applied  to 
geologic  research,  breaks  them  down  ;  here,  too,  the  geologist  is 
equally  an  agnostic  with  respect  to  his  own  conclusions  of  higher 
rank  than  mere  generalizations,  and  assails  every  inference  of  his 
fellows  and,  unless  he  be  rash  indeed,  guards  his  own  conrse  at 
every  step  and  feels  his  way  cautiously  through  the  tangled  maze  of 
ambiguous  testimony  recorded  in  the  crumpled  strata  of  the  moun- 
tains ;  here  the  dearth  of  clear  definitions  of  the  various  processes 
of  deformation  is  doubtless  due  to  the  hesitation  of  physicist  and 
geologist  alike  to  confidently  enter  the  purview  of  the  adjacent 
domain;  but  here  tentative  definitions  (at  least)  are  especially 
needed,  and  indeed  essential  to  the  progress  of  research. 

Within  about  a  decade  an  inference  of  moment  concerning  diastatic 
movement  has  been  made  (largely  by  American  geologists),  viz. 
that  certain  erogenic  and  even  volcanic  movements  are  consequent 
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upon  gradational  transfer  of  matter — that  the  earth  is  in  a  oondition 
of  isostacy,  and  that  as  the  rains  bear  detritus  from  the  mountains 
into  the  seas,  the  unloaded  mountains  rise  and  the  loaded  sea- 
bottoms  sink,  and  thus  that  a  part  of  the  deformation  of  the  outer 
shell  of  the  earth  and  certain  volcanic  movements  are  consequent 
upon  the  processes  of  gradation.  Although  at  first  blush  it  might 
appear  that  the  great  problem  of  earth-movements  is  solved  by  this 
discovery,  consideration  shows  that  these  consequent  diastatic  and 
volcanic  movements  are  but  the  indirect  result  of  antecedent 
movements  for  which  no  adequate  cause  has  been  assigned  (unless 
the  "  contraction  theory  "  be  accepted)  ;  for  it  is  evident  that 
if  deformation  were  dependent  solely  upon  transfer  of  sediments,  it 
would  diminish  with  the  lapse  of  time,  that  the  mechanism  of 
mountain  elevation  would  soon  become  clogged  by  increasing  friction, 
and  that  the  terrestrial  surface  would  quickly  be  graded  so  completely 
that  further  movement  would  cease ;  yet  the  rocks  record  diastatio 
activity  throughout  geologic  time,  now  increasing,  now  diminishing, 
but  on  the  average  probably  increasing  rather  than  diminishing,  and 
perhaps  as  potent  to-day  as  during  any  past  time.  So  the  pro- 
cesses by  which  heteromorphism  are  produced  are  separable  into  two 
classes — that  depending  upon  transfer  of  sediments,  which  may  be 
designated  consequent,  and  that  for  which  adequate  cause  has  not 
yet  been  assigned,  which  may  be  called  antecedent.  Discriminated 
upon  a  different  basis  they  fall  into  classes  approximately  but  not 
exactly  coinciding  with  these,  viz.  orogenic,  or  mountain-making 
movements,  and  epeirogenic,^  or  continent-making  movements. 

Now  it  is  only  within  a  decade  that  diastatic  and  volcanic,  move- 
ments of  the  consequent  class  have  been  separated  from  the 
primary  class ;  even  yet  there  are  geologists  who  do  not  recognize 
the  distinction ;  and  so  most  of  the  hypotheses  thus  far  framed  to 
explain  the  deformation  of  the  terrestrial  shell  rest  upon  the  explicit 
or  implicit  assumption  that  all  the  movements  involved  belong  to 
the  class  here  called  antecedent  The  appositeness  of  the  definitions 
therefore  needs  illustration. 

A  primary  hypothesis  ascribed  the  corrugation  of  the  terrestrisd 
crust  to  contraction  of  the  interior  of  the  earth  accompanying 
secular  cooling  more  rapid  than  that  of  the  exterior  shell.  The 
common  conception  of  the  mechanism  of  this  process  was  familiarly 
illustrated  by  likening  the  corrugated  globe  to  a  withered  apple,  and 
the  inequalities  of  the  terrestrial  surface  to  the  wrinkles  on  the 
apple's  skin ;  and  to  the  surprise  of  most  American  geologists,  at 
least,  this  hypothesis  has  been  prominently  advocated  within  a  year 
or  two.  Fisher  and  others  have  shown,  however,  that  the  postu- 
lated cause  is  far  from  commensurate  with  the  observed  effect — that 
even  upon  the  most  liberal  estimates  of  radial  contraction  due  to 
secular  cooling,  the  concomitant  tangential  contraction  would  scarcely 
produce  a  tithe  of  the  observed  corrugation  of  the  terrestrial  crust. 
Dutton  maintains  that  equitable  contraction  of  a  spheroid  would  not 
tend  to  produce  corrugations  such  as  those  characterizing  the  earth's 

1  A  term  proposed  bj  Gilbert. 
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crost  Taylor  and  othen  bave  pointed  out  that  mnj  oomigatioot 
rwulting  from  secular  cooling  of  the  terreetrial  shell  in  combinatkn 
with  the  Btreeses  resulting  from  preoeesion,  notatioii,  retardation  of 
axial  rotation,  etc.,  wonld  tend  to  aasmne  certain  definite  diiectioDs, 
and  that  these  directions  do  not  coincide  with  those  of  the  mountain 
ranges  actually  existing  nearly  enough  to  give  coontenanoe  to  the 
hypothesis.  Reade  and  others  haTe  recently  found  that  tangentiil 
contraction  doe  to  secular  cooling  must  hare  been  confined  to  i 
limited  shell,  even  thinner  than  the  strata  known  to  be  corrugated; 
and  it  might  be  demonstrated  that  the  conoentimtion  of  montanio 
corrugation  along  certain  lines,  leaving  vast  interrening  areas  quito 
undisturbed,  does  not  agree  with  the  hypothesis,  and  ooold  not  oocor 
in  accordance  with  it  under  any  conditions  of  rigidity  and  internal 
friction  of  the  rocks  which  it  is  reasonable  to  assume — the  ardiei 
are  too  long  and  rest  too  heavily  upon  the  terrestrial  nudeos  to 
convey  crushing  strains  to  their  extremities  without  greater  com- 
pression about  their  keystones.  While  therefore  the  "contraction 
theory "  is  so  conditioned  as  to  explain  antecedent  deformation,  it 
cannot  be  accepted  as  a  quantitatively  adequate  cause  of  soch 
movement 

There  is  another  hypothesis  of  earth-movement  frequently  re- 
garded as  alternative  with  the  last  Greologists  and  physicists  have 
long  ageed  that  lines  of  mountain  growth  usually  coincide  with 
zones  of  rapid  deposition  during  former  times,  and  that  in  these 
zones  the  deposition  was  accompanied  by  depression  (thus  fore- 
shadowing the  later  conception  of  consequent  diastatic  movement) ; 
they  have  agreed  further  that  in  consequence  of  the  combined 
sinking  and  thickening  of  the  crust,  the  couches  of  equal  temperatuxe 
within  the  earth — the  isogeotherms — must  rise  in  the  sediments 
until  strata  formed  at  the  temperature  of  the  sea-bottom  are  heated 
to  hypogeal  temperatures ;  and  they  have  inferred  that  the  con- 
sequent expansion  of  sediments  developed  stresses  whereby  further 
heat  was  generated,  and  that  the  rocks  were  thus  flexed,  corrugated, 
and  sometimes  metamorphosed.  This  hypothesis,  in  one  form  or 
another,  has  bad  currency  for  a  generation.  It  has  indeed  been 
questioned  whether  the  assumed  cause  is  commensurate  with  the 
effect — whether  the  expansion  of  sedimentary  beds  by  local  rise  of 
isogeothemis  from  time  to  time  and  from  place  to  place  is  sufficient 
to  explain  the  extensive  and  profound  corrugation  observed  in  the 
mountains  of  the  earth,  the  enormous  shortening  of  the  Alpine  arc  as 
observed  by  Heim  and  others,  and  the  shortening  of  the  Appalachian 
arc  by  60  miles  as  computed  by  Claypole ;  but  Beade  has  quite 
recently  pointed  out  what  the  early  advocates  of  the  hypK)the8is  had 
overlooked,  viz.  that  since  the  strata  are  confined  laterally,  any  ex- 
pansion due  to  rise  of  temperature  must  take  place  vertically,  so 
that  a  given  rise  of  temperature  would  produce  thrice  the  elevation 
and  perhaps  thrice  the  corrugation  inferred  by  the  older  geologists; 
and  the  hypothesis  has  thus  been  rendered  more  acceptable.^    But 

1  Singularly,  Reade  and  all    his  predecessors  neglected  an  important  (in  the 
judgment  of  the  writer  the  most  important)  factor  m  the  moyements  contemplated 
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it  is  evident  that  all  saoh  movements  belong  to  the  oonseqnent  class 
as  above  defined,  and  hence  that  the  hypothesis  utterly  fails  as  an 
explanation  of  the  antecedent  deformation  by  which  active  geologic 
processes  were  initiated  early  in  the  history  of  the  earth,  and  by 
which  these  processes  have  ever  since  been  maintained.  It  cannot 
be  too  strongly  empheisized  that  without  continents  zones  of  deposition 
oould  not  be  formed,  and  that  continents  could  not  come  into  being 
without  antecedent  deformation.  The  case  is  simple.  Either  (1)  the 
primaval  earth  was  highly  rugose,  and  gradation  and  consequent 
deformation  have  always  been  employed  in  reducing  the  rugosity,  or 
else  (2)  a  general  deforming  force  of  unknown  caase  and  value  has 
always  been  in  operation — either  the  earth  is  a  clock  once  wound 
up  and  ever  since  running  down,  or  it  is  a  prime  motor  whose 
mechanism  may  be  obscure,  but  whose  energy  is  ever  renewed 
within  itself.  To  the  working  geologist,  constrained  by  the  in- 
exorable logic  of  facts,  there  is  but  one  choice  between  these 
alternatives ;  the  Palsdozoic  earth,  at  least,  was  less  rugose  than  the 
present,  and  although  diastatic  activity  has  varied,  it  has  not  declined 
with  the  ages ;  and  the  grander  earth-movements  are  in  progress 
to-day  as  proved  by  a  score  of  examples  of  continental  oscillation, 
and  is  perhaps  as  active  now  as  at  any  time  in  the  past. 

So  the  processes  by  which  heteromorphism  of  the  globe  are  pro- 
duced (deformation  and  vulcanism  combined)  comprise  (1)  move- 
ments antecedent  to  gradational  transfer  of  matter,  predominantly 
epeirogenic,  or  continent-making,  and  predominantly  diastatic,  for 
which  adequate  cause  is  not  yet  assigned ;  and  (2)  movements  conse- 
quent upon  gradational  transfer  of  matter,  predominantly  erogenic, 
or  mountain-making,  and  both  diastatic  and  volcanic.  It  is  impor- 
tant to  discriminate  these  classes  of  movements. 

in  the  hypotheais.  Liiies  of  sedimentation  are  the  margins  of  continents,  and  the 
sediments  are  laid  down  not  upon  horizontal  surfaces,  but  upon  seawardly  slopioff 
bottoms ;  so  the  sediments  do  not  form  horizontal  beds,  but  take  a  variable  seawara 
slope  determined  by  marine  currents,  wave  action,  etc.  Thus  the  mass  of  sediments 
is  oolleotiTely  in  the  condition  of  a  mass  of  snow  upon  a  roof  or  upon  a  mountain 
side,  f.#.  in  a  condition  of  potential  instability  or  inequipoientiality.  If  the  mass 
IS  stable  in  either  case,  it  is  because  the  friction  amon^  the  particles  exceeds  the 
attraction  of  gravitation  upon  the  particles ;  it  is  obvious  that  if  particle  friction 
were  reduced  by  augmentation  of  temperature  or  by  alteration  of  constitution,  or  if 
the  efficiency  of  gravitation  were  increased  by  addition  to  the  mass,  the  point  of 
stabilitj  might  be  passed,  when  the  mass  would  move  in  the  direction  of  the  slope ; 
and  it  is  equally  obvious  that  if  an  inequipotential  mass  expand,  the  resulting  move- 
ment will  not  take  place  equally  in  all  directions,  but  mainly  or  wholly  in  the 
direction  of  least  resistance,  which  is  that  of  the  slope.  Since  the  sediments  fringing 
continents  are  in  a  condition  of  ineouipotentiality,  any  movement  due  to  the  rise  of 
isoeeotherms  or  other  cause  must  take  place  in  a  single  direction  ;  and  it  might  not 
be lunited  to  that  due  to  expansion,  for  other  factors  co-operate.  Supplemented  by 
this  additional  conception,  the  h^'pothesis  of  mountain  growth  so  ably  advocated  by 
Herschel,  Babbage,  Hall,  Dana,  Le  Conte,  Beade,  and  a  score  of  others,  appears  to 
gain  much  in  acceptabili^. 
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MORE  than  forty  yean  ago  the  detached  teedi  of  Hybodont 
Sharks  were  recognized  by  Beoas '  in  the  Cretaoeoas  roob 
of  Bohemia,  and  these  were  referred  to  the  genos  ffybodm  under 
no  less  than  eight  specific  names.  About  twenty  years  UUsr,  eridenoe 
of  a  somewhat  simihir  Selachian  was  discovered  by  Mr.  Willtain 
Davies  and  Mr.  S.  J.  Mackie,  in  the  Lower  Chalk  of  Kent ;  and  the 
cartilages  of  the  jaw,  with  a  few  teeth,  were  briefly  described  bj 
the  last-named  geologist'  under  the  name  of  Hybodiu  liiifrnttesfii. 
In  1886,  the  present  writer  pointed  out,'  from  more  recently  dit- 
covered  specimens,  that  the  English  Cretaceous  species  was  more 
specialized  in  every  respect  than  any  of  the  typical  forms  of 
HyhoduB ;  and  quite  lately  it  has  been  proposed  ^  to  r^ard  this 
fossil  as  generically  distinct,  with  the  new  name  of  Sgneckodmi, 

It  now  appears,  indeed,  that  "  Hyhodu»**  d^risiennB  is  much 
more  nearly  related  to  PaloBotpinax  than  to  the  typical  Hyhodui. 
This  is  well  shown  by  the  almost  complete  dentition  of  one  jaw, 
exhibited  in  a  fine  specimen  from  the  Chalk  of  Sussex,  preserred 
in  the  Willett  Collection  in  the  Brighton  Museum ;  and  the  oppor- 
tunity of  making  known  this  important  new  fossil — kindly  a£furded 
by  Henry  Willett,  Esq.,  and  the  Chairman  of  the  Museum  Committee 
(Edward  Crane,  Esq.) — seems  a  fitting  occasion  for  briefly  sum- 
marizing our  present  knowledge  of  the  skeletal  and  dental  characters 
of  the  fish.  All  the  cartilages  are  only  superficially  calcified,  but 
the  thin  hardened  layer  is  comparatively  resisting,  and  it  has  thus  been 
sufficiently  preserved  in  some  cases  to  indicate  the  precise  contour 
of  several  parts  of  the  skeleton. 

Head. — Nothing  worthy  of  note  has  been  observed  in  oonnection 
with  the  cranium ;  but  the  mandibular  and  hyoid  arches  are  well 
known  and  of  great  interest*  A  facette  upon  the  superior  border 
of  the  pterygo-quadrate  cartilage  may  almost  certainly  be  regarded 
as  indicating  a  post-orbital  articulation  with  the  cranium;  and  in 
correspondence  with  this  arrangement  the  hyomandibular  element 
is  remarkably  slender.  There  is  thus  considerable  resemblance 
between  the  skull  of  Synechodtis  and  that  of  the  existing  Notidannt; 
both  exhibiting  a  very  primitive  condition  of  the  mandibular  and 
hyoid  arches,  and  showing  a  tendency  to  specialization  in  one  and 
the  same  direction. 

*  A.  E.  Reuss,  "  Veretein.  bubm.  Kreideform.,"  1845-6,  pt.  i.  p.  2 ;  pL  il 
pp.  97,  98,  with  figs. 

*  S.  J.  Mackie,  **  On  a  new  species  of  Hybodut  from  the  Lower  Chalk,**  The 
Geologist,  Yol.  vi.  (1863),  pp.  241-246,  pi.  xiii. 

3  Smith  Woodward,  "  On  the  Relations  of  the  Mandihular  and  Hyoid  Arches  in 
a  Cretaceous  Shark  {liybodu*  dubrisietisitf  Mackie),*'  Proc.  Zool.  Soc.,  1886, 
pp.  218  224,  pi.  IX. 

*  Smith  Woodward,  "  A  Synopsis  of  the  Vertebrate  Fossils  of  the  English  Chalk," 
Proc.  Geol.  Assoc,  vol.  x.  (1»88),  p.  288. 

*  See  figures  in  Proc.  Zool.  Soc.  1886,  pi.  xx. 
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ntitton. — In  Mr.  Willett*8  example  of  the  dentition  of  Syneehodus 
nenais,  already  referred  to,  about  140  teeth  are  displayed  in 

natural  relative  positions ;  and  the  fossil  is  shown,  of  twice 
latural  size,  in  the  aooompanying  Woodcut,  with  the  first  and 
d  teeth  and  one  of  each  of  the  alternate  succeeding  series, 
further  enlarged  separately.     There  are  eleven  dental  series 

either  ramus  of  the  jaw,  each  of  those  posteriorly  placed  com- 
ig  as  many  as  eight  or  nine  teeth,  while  those  near  the  symphysis 

not  more  than  six.  There  is  no  median  symphysial  row  of 
f  and  the  first  pair  (i.)  is  extremely  small.  In  the  latter  the 
ipal  coronal  cusp  is  long  and  slender,  its  height  being  equal 
3  entire  width  of  the  tooth ;  and  there  are  two  small  denticles 
ont  and  one  behind.  The  teeth  of  series  ii.  are  nearly  four 
t  as  wide  as  those  of  no.  i.,  with  the  principal  coronal  cusp  still 

prominent  and  flanked  in  front  and  behind  by  three  large 
cles  and  one  smaller  point,  of  which  those  behind  are  the  more 
ly  spaced.  The  teeth  of  series  iii.  are  very  similar  to  those  of 
I. ;  but  in  the  teeth  of  series  iiii.  and  v.  the  principal  cusp 
ly  becomes  stouter  and  less  elevated,  and  there  are  five  denticles 
ont,  while  only  three  or  four  can  be  distinguished  behind.  In 
s  VI.  to  IX.  the  size  of  the  teeth  only  gradually  decreases  back- 
s,  but  the  principal  cusp  becomes  very  short  and  stout,  thus 

resembling  the  lateral  denticles,  which  are  still  very  numerous 
placed  well  apart.  In  these  teeth,  the  denticles  are  five  or  six 
imber,  both  in  front  and  behind.  In  series  x.  the  teeth  are  only 
t  two-thirds  as  wide  as  those  of  no.  ix.,  while  those  of  series  xi. 
till  smaller  by  one-half;  and  in  both  of  these  all  the  coronal 
inences  have  become  insignificant,  though  yet  faintly  indicated 

beaded  contour.  The  base  of  the  crown  in  all  the  teeth  is 
ed  by  fine  reticulating  wrinkles,  and  the  lower  portion  of 
oronal  cusps  is  often  vertically  striated. 

I  comparing  the  teeth  of  this  fossil  with  the  few  examples  of 
ihrisiensis  already  described,  one  important  difference  will  at 

be  noted.  Whereas  in  Mr.  Willett's  specimen,  the  most 
lor  teeth  are  very  small  and  delicate,  some  other  fossils  exhibit 

in  a  corresponding  position  of  a  very  large  and  robust  character, 

several  feebly  marked  denticles  on  each  side.^  One  specimen 
e  British  Museum  (No.  41675)  suggests  that  the  latter  pertain 
9  upper  jaw ;  and,  in  that  case,  the  Brighton  fossil  may  represent 
ower  dentition.  There  can  be  no  doubt,  indeed,  that  the  two 
i  belong  to  one  and  the  same  species;  but  whether  the  differences 
e  anterior  teeth  depend  merely  upon  their  pertaining  to  one  or 
ther  jaw,  or  whether  one  type  is  referable  to  the  male  and  the 

to  the  female,  remains  yet  to  be  determined.  The  present 
ir  has  examined  no  specimen  in  which  the  small  teeth  and  the 
it  teeth  occur  together. 

:icU  Skeleton  of  Trunk. — The  vertebral  centra  are  well  calcified  ; 
nly  the  anterior  portion  of  the  body  is  yet  known  (Brit  Mus. 

1  Proc.  Zoo].  Soc.  1886,  pi.  xx.  fig.  3a. 
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No.  49032).  All  the  vertebrsd  are  distinctly  *' asterospondylio '*  in 
strooture,  and  the  centra  are  mostly  deeper  than  long. 

Appendicular  Skeleton. — Each  half  of  the  pectoral  arch  consists 
of  a  single  slender  cartilage,  produced  upwards  into  an  attenuated 
extremity,  and  Yery  similar  in  form  to  the  corresponding  element 
both  of  Fal^ospinax  and  of  JETyhodus. 

External  Dermal  Strueturee. — A  fine,  apparently  sparse  shagreen 
covered  at  least  certain  portions  of  the  body;  and  a  few  of  the 
granules  are  well  preserved  upon  one  small  fragmentary  head  in  the 
British  Museum.  Some  granules  are  smooth  and  quadrate  in  form, 
but  many  are  more  or  less  oval,  ridged  and  grooved  in  the  direction 
of  their  long  axis. 

Affinitiet. — ^The  dentition  of  Syneehodus,  as  long  ago  recognized, 
indicates  the  systematic  position  of  the  fish  to  be  in  the  Hybodont 
section  of  the  great  family  of  Cestraciontidae.  Many  of  the  detached 
teeth  cannot  be  distinguished  from  those  of  Hyhodus;  but,  as  already 
remarked,  a  comparison  of  the  complete  dentition  described  above 
with  the  dentition  of  Palaospinax  priecM  from  the  Lower  Lias  of 
Lyme  Begis,^  shows  a  still  more  exact  correspondence  in  almost 
every  feature.  With  Palaospinax,  also,  Syneehodue  agrees  in  the 
character  of  its  shagreen ;  and  the  vertebrsd  in  the  Cretaceous 
genus  only  differ  from  those  of  the  Liassic  fish  in  their  slightly 
higher  stage  of  development  The  fact  that  no  Selachian  dorsal  fin- 
spines  have  hitherto  been  found  in  the  Chalk,  except  small  smooth 
spines  indistinguishable  from  those  of  Cestraeion  and  Palaoepinax^ 
is  also  suggestive  of  the  correspondence  of  the  two  genera  under 
comparison  in  the  nature  of  these  dermal  defences.  The  more 
specialized  character  of  SynechoduSf  indeed,  is  the  only  justification 
at  present  for  its  generic  separation;  and  it  may  be  added  that 
Falaoepinax  is  certainly  one  of  the  Cestraeion tidsB  (Hybodontidse), 
being  definitely  separated  from  the  Spinacidsd,  with  which  it  has 
hitherto  been  associated,  by  the  possession  of  a  distinct  anal  fin 
(Brit.  Mus.  no.  P.  1296). 

Dietribution, — The  earliest  evidence  of  Synechodua  with  which  the 
writer  is  acquainted  occurs  in  the  Neocomian  of  Kent,  whence  have 
been  obtained  some  anterior  teeth  with  an  attenuated  principal 
coronal  cusp.  Other  teeth  have  been  described  from  the  Lower 
Cretaceous  of  Amuri  Bluff,  New  Zealand,  under  the  name  of  Odon- 
taspis  sulcata.^  A  few  teeth,  of  still  another  specific  type,  are  met 
with  in  the  English  Gftult.  A  single  example  from  the  Cambridge 
Greensand  is  preserved  in  the  collection  of  Thomas  Jesson,  Esq., 
of  Northampton.  8.  duhrisiensie  occurs  in  the  Lower,  and  probably 
also  in  the  Upper  Chalk ;  there  is  evidence  of  other  forms  in  the 
uppermost  Chalk  of  Norfolk;  and  one  or  more  species  are  repre- 
sented in  the  Lower  Chalk  of  Saxony,  Bohemia,  and  Kussia. 

1  Sir  Philip  Egerton,  **  Figs,  and  Descrips.  Brit.  Organic  Remains  '*  (Mem.  Geo!. 
SurrJ,  dec.  xiii.  (1872),  pi.  vii. 

»  J.  W.  Dans,  "  On  the  Fossil  Fish  Remains  of  the  Tcitaar^  wi^  Cx^Xaa.*^- 
Tertiary  Formations  of  New  Zealand,"  Trans.  Roy.  D\i\i\ixL  ^ot.\^^o\.*vs.  Vy^'^'^> 
p,  23,  pi  F.  %8.  11—13. 
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rOEDSHIBE. 

By  A.  Smitr  Woodwam),  F.G  S.,   P^.8.  ; 
of  the  British  Mnaeiim  (Natiml  Historj). 

DURING  a  recent  visit  to  the  UniTersity  Muaeam  at  Oxford,  I 
observed  in  the  Grindrod  Collection  an  interesting  small  fossil 
apparently  adding  to  the  known  fauna  of  the  Liedbary  Passage  Beds 
a  remarkable  type  of  fish,  hitherto  only  met  with  in  the  Middle  and 
Upper  Devonian  of  the  United  States.  Through  the  kindness  of 
Professor  Green,  I  have  since  had  the  opportunity  of  studying  thii 
specimen  in  London ;  and  it  is  shown,  of  twice  the  natural  size,  ia 
the  accompanying  Woodcut.  It  may  be  regarded  as  an  impeifed 
example  of  the  so-called  " intermandibular  arch*'  of  the  extinct 
ganoid,  Onychodus,  described  by  Prof.  Newberry  *  from  the  Corn- 
iferous  Limestone  of  Ohio,  and  the  Chemung  Group  of  Delaware 
County,  New  York. 

The  fossil  is,  for  the  most  part,  only  displayed  in  section,  owing 
to  the  unfortunate  plane  of  fracture  of  the  matrix  ;  but  the  upper- 
most of  the  vertical  series  of  teeth,  as  preserved,  exhibits  the 
unbroken  outer  surface  for  about  half  of  its  length,  and  this  enables 


Intemiandibular  Arch,  or  Presymphysial  Bone,  of  Ont/chodus  ttnglicut,  A.  S. 
Woodw.,  Lower  Old  Red  Sandstone  Passage  Beds,  LedburT,  Herefordshire. 
Twice  nat.  size.     [Grindrod  Collection,  University  of  Oxford.] 

the  cylindrical  form  and  unomamented  character  of  the  dental  crown 
to  be  determined.  There  is  a  curved  plate  for  the  attachment  of  the 
teeth,  scroll -shaped  in  section,  the  attenuated  lower  extremity  being 
considerably  in-rolled.  The  teeth  have  the  appearance  of  being 
directly  fused  to  the  base,  arranged  along  its  convex  side ;  and  they 
obviously  decrease  in  size  from  above  downwards,  though  the  distal 
p)rtion8  of  all  but  the  uppermost  are  considerably  destroyed.  The 
upper  tooth,  as  already  remarked,  is  slender  and  cj'lindrical  in 
section,  with  a  smooth  surface,  perhaps  only  marked  with  one  faint 
longitudinal  groove  on  each  side ;  and  the  distal  half  of  the  crown 
is  sharply  directed  upwards.  Beneath  this  tooth  are  prominent 
remains  of  three  others,  similarly  shaped,  and  closely  placed  to<»^tber 
at  their  bases ;  and  evidence  of  either  one  or  two  still  smaller  teeth 
is  distinguishable  yet  more  inferiorly. 

Ferruginous  matter  has  penetrated  the  interstices  of  the  fossil, 

'  J.  S.  Newberry.  GeoV.  §»\ine^  oi  O\3cio,^0i/\.^V/Ti.V^%l\&^i\s\Kjvs^^^^^^ 
302,  plates  xxvi.,  xx^ii. 
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and  80  rendered  its  minute  structure  to  a  certain  extent  recognizable. 
The  base  is  conspicuously  vascular^  except  in  a  thin,  sharply-defined 
layer  forming  the  concave  margin ;  and  each  tooth  is  likewise  con- 
stituted mostly  of  vascular  tissue,  with  a  thin,  dense  outer  layer. 
A  very  small  cavity  also  appears  to  occupy  the  centre  of  each 
dental  cone. 

The  genus  Onyehodua  was  originally  founded  by  Prof.  Newberry 
upon  detached  teeth  similar  to  those  of  the  Ledbury  fossil,  dis- 
covered in  the  Coraiferous  Limestone  of  Ohio.  These  teeth  were  at 
first  supposed  to  be  referable  to  the  great  Placoderm,  Maeropetal' 
iehthys,  occurring  in  the  same  beds ;  but  their  discovery  soon  after- 
wards in  connected  series  naturally  led  to  the  suspicion  that  they 
might  rather  pertain  to  a  Selachian.  Still  later,  the  problematiccd 
dentition  was  found  associated  with  cranial  plates,  tooth-bearing 
maxillse  and  dentary  bones,  and  numerous  round  scales;  and  in 
1873,  complete  proof  of  its  exact  position  in  the  jaws  of  the  original 
fish  had  at  last  been  obtained.  It  appears  that  the  slender  bony 
arch  is  a  mesial  element  fitting  in  a  well-marked  groove  at  the 
symphysis  of  the  dentary  bones ;  while  the  long,  sigmoidally-curved 
teeth  project  directly  forwards  in  front.  The  head-bones  are 
numerous,  and  the  large  round  scales  are  deeply  overlapping,  being 
ornamented  much  like  those  of  Olyptolepis ;  whence  Prof.  Newberry 
concludes  that  Onychodua  was  most  probably  one  of  the  great  group 
of  CrossopterygidsB. 

The  fossil  now  under  discussion  is  thus  referable  to  a  **  Ganoid," 
and  it  evidently  represents  the  presymphysial  bone  of  some  later 
genera  (e.g.  Aspidorhynchus  and  BelonostomM),  even  if  it  be  not 
altogether  homologous  with  that  element.  The  appearance  of  the 
series  of  teeth  is  at  first  suggestive  of  a  dental  succession  like  that 
of  Selachians;  and  in  this  connection  it  would  be  interesting  to 
know  precisely  the  histological  characters  of  the  fossil.  Though 
comparatively  abundant,  none  of  the  American  examples  seem  to 
have  been  yet  examined  microscopically ;  but  it  is  to  be  hoped  that 
some  such  investigation  may  soon  be  made — more  especially  as 
comparisons  have  already  been  suggested  with  the  problematical 
Carboniferous  Edestw} 

The  coiling  of  the  inferior  extremity  of  the  base  in  the  Ledbury 
fossil  has  not  hitherto  been  noted  in  the  American  specimens ;  and 
this  may  be  either  a  normal  feature,  or  merely  a  post-mortem 
accident  to  a  possibly  pliable  tissue.  Other  differences,  however,  of 
at  least  specific  value,  are  also  observable  between  this  and  the 
described  American  types  of  "  intermandibular  arch " :  the  new 
fossil  is  much  smaller  than  those  already  known,  and  the  size  of  the 
teeth  is  apparently  less  uniform.  Awaiting  further  evidence,  there- 
fore, for  more  precise  definition,  the  species  of  the  Ledbury  Passage 
Beds  may  receive  the  name  of  Onychodus  anglicus. 

*  Fanny  R.  M.   Hitchcock,  **0n  the  Homologies  of  the  so-called  Spinea  of 
JEdesiut,*^  Proc.  Amer.  Assoc.  Adv.  Sci.  1887.     See  also  J.  S.  Newberry,  **  On  the 
Structure  and  Belations  of  £destus,'*  Ann.  New  Yoit  i^cadu  ^d.  -sokV.  v»  •  ^'^"^^> 
p.  116. 
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By  rrofeMOT  Edwaxd  Hnx,  LL.D..   F.&.8. 

I  HA  YE  been  Tery  modi  intereeted  in  leading  Mr.  Boawll's  two 
oommanicationa  pobliahed  in  the  GbojloqicaIi  Hagazivi  for 
AngQBt  and  September  last'  The  analogy  whic^  he  draws  between 
the  history  of  the  Dead  Sea  Talley  and  that  of  some  of  the  like 
valleys  in  the  western  part  of  North  America  ia  instmctiTe  u 
showing  how  similar  physical  feat  ores  can  be  aooonnted  for  on 
similar  principles  of  interpretation  over  all  parte  of  the  worid. 
Mr.  Bassell  very  properly  draws  attention  to  the  paper  by  hit 
colleagne  Mr.  O.  K.  Gilbert  on  **  The  Topographical  Features  of 
Lake  Shores,**  in  which  principles  of  interpretation  of  physical 
phenomena  are  laid  down  applicable  to  lakee  both  of  America  and 
the  Jordan-Arabah  valley.'  With  some  of  Mr.  Bnsaell's  inferoioei 
regarding  special  epochs  in  the  history  of  this  Talley  I  am  veiy 
mnch  disposed  to  agree ;  more  particuh^ly  in  reference  to  the  mode 
of  formation  of  the  Salt  Mountain,  Jebel  Usdnm ;  or  rather,  of  the 
salt-rock  which  forms  the  lower  part  of  its  mass.  If  this  inter- 
pretation be  correct,  it  removes  the  di£Bciilty  of  understanding  why 
the  rock-salt  is  confined  to  one  small  comer  of  the  lake,  whidi,  at 
the  time  the  salt  was  in  course  of  formation,  was  vastly  more 
extensive  than  at  present 

The  case  of  the  arm  of  the  Caspian  known  as  Kara  Bnghaz,  whidi 
Mr.  Bussell  cites,  seems  remarkably  apposite  to  that  of  the  Southern 
bay  of  the  Dead  Sea;  and  I  feel  obliged  to  the  author  for  his  augges- 
tion.  In  reference  to  Mr.  Bussell's  statement  that  '<we  ought  to 
look  for  an  unconformity  between  the  upper  and  lower  lake  beds 
due  to  the  erosion  of  the  lower  member,*'  1  wish  to  take  this  oppor- 
tunity of  referring  again  to  the  peculiar  structure  in  the  rock-salt 
near  the  northern  end  of  Jebel  Usdum,  where  the  white  lamiuated 
marls,  forming  the  upper  part  of  this  plateau,  are  seen  resting 
horizontally  on  a  mass  of  rock-salt,  having  an  oblique  structure; 
that  is,  traversed  by  planes  sloping  southwards  at  an  angle  of  about 
20^-25^.  I  made  a  sketch  of  this  part  of  the  cliff  in  my  note-book, 
but  from  inability,  through  lack  of  time,  to  examine  into  the 
phenomena  with  more  care  than  can  be  done  from  horse-back,  I 
thought  it  prudent  not  to  refer  to  the  matter  in  the  Geological 
Memoir,'  further  than  to  notice  it. 

My  special  purpose  in  this  communication  is  to  offer  some 
additional  information  to  that  already  given  on  the  question  whether 
or  not  the  Jordan-Arabah  valley  originally  communicated  with  the 
ocean  through  the  Gulf  of  Akabah.  Mr.  Russell  is  not  satisfied  with 
the  information  already  before  him  regarding  the  nature  of  the 
watershed  of  the  Arabah.     I  have,  therefore,  referred  back  to  my 

1  **  The  Jordan- Arahab  Depression  and  the  Dead  Sea,*'  Gbol.  Mao.  Aug.  uid 


Sept.  1888,  pp.  337-344  and  3'87-396. 
«  Gilbert,  Fifth  Aixnn 


AT\n\ia\  B.e^oi\.  T3  .§>.  C3<!o\o^^%>m^«^  (JL883-84). 
*  Memoir  on  the  Piiyaicai  GeoVo^  oi  Kw^x«.-^^^x»».«Q^^^ii'a«^ais>Sl^ 
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notes,  whioh  are  rather  fall  on  this  very  subjeot^  though  I  did  not 
consider  it  neoeasary  to  give  them  tn  extemo  in  the  Geological 
Memoir,  or  in  Mount  Seir.  On  referring  to  the  large  Map  of  the 
Arabah  Valley  in  the  Memoir  (facing  p.  137),  it  will  be  aeen  that 
the  watershed  (Lat  30^  IQf  N.)  is  formed  partly  of  a  limestone 
ridge,  called  Er  Bishy,  and  partly  of  ''gravel  of  the  Arabah."  This 
gravel  extends  for  several  miles  down  both  slopes  of  the  watershed, 
and  is  sometimes  overspread  by  blown  sand,  or  else  by  alluvium.  On 
the  west  side  it  is  bounded  by  the  steep,  often  precipitous,  cliff  of 
the  rocks  forming  the  eastern  border  of  the  Desert  of  the  Tih 
(Badiet  et  Tih),  and  on  the  east  by  those  of  the  Edomite  hills  and 
escarpments ;  and  at  its  lowest  part  rises  about  700  feet  above  the 
level  of  the  Mediterranean  and  Bed  Seas,^  and  therefore  nearly  2,000 
feet  above  the  present  surface  of  the  Dead  Sea.  On  approaching  the 
watershed,  or  saddle,  from  the  south,  it  appears  as  a  level  line 
stretching  from  the  northern  end  of  Er  Bishy  to  the  foot  of  the 
rugged  hills  of  Edom,  and  about  half  a  mile  in  length.  It  is 
formed  of  sand  and  gravel  of  considerable  thickness  overlying  the 
limestone  which  rises  from  beneath  on  the  eastern  side,  and  which  is 
broken  off  by  the  great  Jordan- Arabah  fault  against  the  granitoid 
and  other  crystalline  rocks,  which  here  form  the  base  of  the  Edomite 
range.  This  gravel  has  all  the  appearance  of  a  fluviatile,  or  alluvial, 
deposit,  formed  by  the  streams  which  in  flood  time  descend  from 
the  hills  to  the  east ;  and  it  is  well  laid  open  to  view  in  one  of  these 
streams,  which  ultimately  joins  the  Biver  Jeib.  Between  this  water- 
shed and  the  first  of  the  terraces  which  can,  with  any  degree  of 
certainty,  be  referred  to  a  lacustrine  origin,  there  is  a  distance  of  over 
twenty  miles,  and  a  vertical  fall  of  about  700  or  650  feet ;  and  as 
onr  party  was  scattered  over  the  valley,  we  could  not  have  failed  to 
detect  remains  of  such  lacustrine  deposits,  if  any  such  existed,  above 
the  level  of  those  we  encountered  at  our  camp  of  the  12th  December, 
1883,  at  Ain  Abu  Werideh :  at  a  level  approximately  that  of  the 
Mediterranean,  and  1292  feet  above  that  of  the  Dead  Sea.'  These 
horizontal  beds  of  white  marl  with  shells,  sand,  and  shingle,  was  an 
entirely  new  feature  to  us  all ;  and  no  doubt  remains  on  my  mind 
that  they  indicate  the  highest  level  to  which  the  waters  of  the  ancient 
Jordan-valley  Lake  formerly  rose. 

An  admission  on  my  part  that  the  waters  of  the  Jordan  valley 
ever  were  in  connection  with  those  of  the  outer  ocean  through  the 
Oulf  of  Akabah  can  only  be  made  from  the  point  of  view  that,  during 
the  formation  of  the  Jordan-Arabah  line  of  depression  by  the  dis- 
placement of  the  strata  along  the  great  fault,  and  when  the  whole 
region  was  rising  from  beneath  the  waters  of  the  ocean  in  Miocene 
times,  some  such  connection  existed  for  a  limited  period  of  time ; 
but  this  epoch  in  the  history  of  the  valley  was  separated  by  a  long 
interval  from  that  of  the  present  Dead  Sea,  even  when  standing  at 
a  level  of  1300  feet  above  its  present  surface.     From  the  time  that 

1  M.  Tignes*  determmation  is  787  feet  (240  metres) ;  that  of  Major,  now  Colonel 
Kitchener,  is  660  feet ;  and  that  of  Mr.  Reginald  Laurence  by  axLecQvd  ^6Q  t^A^t^ 
s  Mount  Seir,  p.  99;  Geological  Memoir,  p.  SO. 
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the  OQter  waters  of  the  ocean  were  diBseTered  from  thoee  of  the 
Jordan- Arabah  lake  by  the  ap-rise  of  the  land,  there  is  no  eridenoe 
that  there  was  ever  any  subeeqaent  connection  by  means  of  a  stream 
flowing  down  from  the  North  into  the  Gnlf  of  AJkabah.  The  doiefft 
approximation  which,  according  to  my  view,  theee  inner  and  oater 
waters  eTer  made  towards  each  other  is  represented  in  the  sketdi- 
map  of  that  whole  region  in  page  72  of  ihe  G^logical  Memoir, 
where  a  tract  of  ground  of  aboot  40  miles  in  length  and  rising  to 
700  feet  in  height  is  represented  as  intervening  between  their 
respective  borders. 

YIII. — On  Some  Book-Spkoimxvs  from  Soootba. 
Bj  Wm  C.  A.  Baisik,  B.Sc 

THESE  specimens  were  collected  in  Soootra,  near  the  coast,  by 
Colonel  M.  Gosset,  and  were  sent  to  Prof.  Bnpert  Jones.  By 
the  kindness  of  Prof.  Bonney  I  have  been  allowed  to  carry  on  the 
examination  of  the  rocks,  at  University  College,  in  connection  with 
the  Somali  specimens  already  described. 

Granites. — The  granites  need  little  description,  as  they  are  clearly 
of  types  already  obtained  from  Socotra;^  they  consist  chiefly  of 
felspar,  often  microcline,  and  of  qaartz.  Hornblende  crystals, 
evidently  of  early  consolidation,  are  imbedded  in  the  felspar.  Some 
of  the  hornblende  is  very  strongly  dichroic,  and  changes  from  a  faint 
green  to  a  deep  peacock-blue,  tints  which  approach  somewhat  near 
those  shown  by  glaucophane.  Octahedra  of  magnetite  occur  in  one 
fragment,  and  in  others  characteristic  crystals  of  zircon  are  fairly 
abundant. 

Fehtones, — Many  of  these  seem  to  be  quartz-felsites  of  the  red 
and  purple  tints,  mentioned  by  Prof.  Bonney  as  so  characteristic  of 
Soootra.    Two  specimens,  however,  need  somewhat  fuller  description. 

(1).  Quartz-felsite.  This  is  a  very  compact,  flinty  rock,  dull -green 
in  colour,  blotched  with  white.  The  ground-mass  is  completely 
devitrified,  with  small  brightly  •  polarizing  microliths  scattered 
through  it.  The  porpbyritic  hornblende  is  in  partial  preservation, 
but  frequently  epidote  appears  to  have  formed  along  its  cleavage- 
planes,  and  spread  over  the  interior  of  the  crystal.  Many  of  the 
felspars  are  plagioclase ;  some  have  passed  to  an  aggregate  of 
crystalline  films,  but  others  appear  clarified,  with  kyanite-like 
cleavages.  The  porpbyritic  quartz  is  much  corroded.  Some  of 
the  embayments  formed  of  the  ground-mass  inclose  clear,  unaltered 
quartz,  generally  with  a  shadowy  outer  border,  as  if  it  had  been 
partially  melted  down  by  the  surrounding  matrix  (Fig.  1).  In 
other  examples,  the  invading  ground-mass,  which  has  an  angular 
outline,  stops  short  of  a  curved  boundary,  marked  out  by  minute 
cavities  often  with  moving  bubbles.  Corrosion  of  crystals  has  been 
attributed  to  the  influence  of  a  direct  rise  of  temperature,  or 
indirectly  to  some  cause  which  increases  the  fusibility  of  the  matrix 
and  solubility  of  the  crystal,  such  as  an  alteration  in  the  amount  of 

'  Phil.    Trans.   1883,  p.  1%1,  Oii  «.  Co>\%^'c^a«L  ^V  ^w2«.  ^^^w^soaoE  from 
Ifliand  of  Socotra,  Proi.  Boime^. 
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prewnre,'  or  tlie  iutrodnoUon  of  water.*  If  tbs  change  in  the 
oonditioD  of  the  rook  were  rapid,  a  contraotiou  might  result,  and 
might  perhaps  develope  along  a  curve,  a  layer  of  inclosurea,  as  in 
th«  effects  from  pressure  demonstrated  by  Prof.  Jndd.'  The  strain 
increased,  the  curve  might  become  a  crack,  80  that  the  corroding 
magma  oould  make  its  way  along  the  weakened  snrface,  and  cause  the 
Fio.  I. 


Fim.  1  &  !- — Poqihyritic  Qoarti,  wbich  hai  Qadergone  carroBion. 

Thfl  darkaned  part  TepreMntsdedthSed  ground  maw  ticlud  ng  bombleude  flake* 

The  dots  are  minute  enclonirea     The  porphynbc  quartz  u  left  clear 

interrupted  embaymeats  which  I  have  ment  oned      The  degralat  on 

of  a  crystal  may  be  connected  with  planes  of  weak  cabes  on  as  eeeras 

illustrated  by  a  grain,  which  shows  very  fa  nt    almost  conoentrio 

coning;  oorrosicn  has  originated  vn  i 

at  seven  or  eight  points  along  the 

border  of  the  crystal,  and,  as  it 

Teaohee  sacoessive  zones,  has  be 

gun  to  spread  along  them,  result 

ing  in  a  form  like  three  or  four 

shallow  saucers  placed  one  above 

another  (Fig.  2). 

(2).  Orthoolase-Felaite.  The 
hand-speoimea  is  dull,  and  of  a 
very  pale  chocolate-brown,  wuh 
slight  traoee  of  fluidal  stnicture 
The  rock  is  mieroporphyr  tie 
orowded  with  felspars  of  defin  te 
crystalline  form,  which  are  de 
oomposed,  and  oontain  brightly 
polarizing  films.    From  their  form  and  the  occas  onal  occ  r  ence  of 

'  T«ch.  Min.  Mitt.  Bd.  riii.  p.  <21     A    Lagono    Abs      u    M  n     Mng    1887 
Sritiah  Petrogtaphr,  Mr.  Teall.  p.  4D7 

*  6bol.  Maq.  Jan.   1688,  pp.  ID    1      Lavaa  o 
Mddnet  Oeol.  Son.  I88S,  p.  fi4.  Pro!.  Bonitef . 

'  Q.J.a.8.  1885,  p.  376,  On  Pendotitea  of  Scotiaid. 
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Carlsbad  twinning  with  simultaneouB  extinction,  they  appear  to 
be  mostly  orthoclase.  These  felspars,  and  some  larger  crystals  of 
a  pale  green  hornblende,  occasionally  twinned,  exhibit  a  certain 
orientation,  which  is  practically  the  only  indication  of  a  fluidal 
structure  seen  under  the  microscope. 

Other  Igneous  Bocks. — In  the  dioritea,  kaolinised  felspar,  and 
hornblende  mostly  in  good  preservation,  are  closely  intercrystallized, 
with  some  appearance  of  an  ophitic  structure.  One  compact  black 
rock  occurs,  which  seems  to  be  of  a  basaltic  character.  Another 
fragment,  evidently  from  a  lava-flow,  may  be  a  basalt,  in  which  Uie 
augite  is  less  clearly  individualized,  or  it  may,  perhaps,  be  better 
classed  with  the  andesites.  It  contains  vesicles,  filled  up  mainly 
with  calcite,  but  with  some  chlorite ;  it  has  other  calcite  apparently 

{)seudom Orphic,  and  a  zeolitic  mineral  seems  also  present.  A  fairly 
arge  cluster  of  calcite  scalexAhedra  has  been  sent,  and  appears  to 
have  been  formed  in  or  on  a  greenish  felsite,  very  decomposed  fragments 
of  which  are  found  adhering.  There  is  one  specimen  of  a  compact 
black  rock,  which  is  rather  puzzling,  even  uuder  the  microscope; 
although  it  might  be  a  very  fine-grained  igneous  rock  of  ratlier  basic 
character,  yet  it  seems  most  probable  that  it  consists  of  fine  ashy 
material,  with  much  fragmental  felspar  in  good  preservation. 

Sedimentary  Bocks.  (I).  Argillite. — ^This  is  a  green  flinty  rock, 
with  a  marked  and  even  banding.  It  is  composed  of  fine  material, 
and  contains  small  angular  fragments  with  a  torn  look,  many  of 
which  are  plagioclase.  Except  that  the  banding  here  is  more  evenly 
marked,  probably  in  consequence  of  a  pressure,  which  has  acted 
across  the  lamination,  this  rock  is  very  similar  to  those  described  by 
Prof.  Bonney.  It  clearly  bears  out  his  suggestion,  that  the  argillites 
of  Socotra  are  probably  not  due  to  local  contact  metamorphism,  but 
may  represent  some  part  of  an  old  sedimentary  series. 

(2).  Grits. — In  a  grit,  which  appears  to  consist  mainly  of  frag- 
mental felspar  of  more  than  one  kind,  there  seems  to  have  been 
a  secondary  deposition,  probably  of  silica,  which  has  remained  as  a 
cavernous  skeleton,  where  the  original  grains  have  weathered  oat 
Another  specimen  is  composed,  almost  exclusively,  of  two  of  the 
constituents  of  a  granitic  rock — quartz  and  felspar — and  is  tlius 
not  unlike  the  Torridon  sandstone  of  the  Scotch  Highlands. 

(3).  One  specimen  of  a  reddened  limestone  is  very  full  of  frag- 
ments of  Gasteropod  and  Lamellibranch  shells,  the  calcite  of  which 
exhibits  rhombohedral  cleavage,  and  is  of  a  deep  red  colour,  appa- 
rently iron-stained. 

Except  for  a  few  structural  characteristics,  these  rocks  are  mainly 
interesting  as  being  an  independent  collection,  which,  although 
small,  agrees  closely  with  the  description  already  given  of  Socotra 
rocks.  The  grit,  here  noticed,  may  be  possibly  of  recent  consolida- 
tion, or  may  belong  to  the  sandstones,  which  Prof.  Bonney  mentions 
as  probably  present  The  groups  which  he  describes  will  include  all 
the  other  specimens,  except  the  fossiliferous  limestone,  although  this 
might    belong    to  the  formation  of  the  foraminiferal  rock.^    The 

^  ^  If  the  limestone  belonn  to  some  other  series,  it  might  possibly  be  a  represenU- 
tiTe  of  Dr.  £ochebnme*8  NeoGomiaiis  of  Ouarsai^gutflis  land. 
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Ignites,  inoludiug  among  their  constituents  microcline  and  horn- 
blende, the  felstones,  the  diorites  and  other  t3'pe8  of  igneous  rock, 
and  the  argillite,  are  all  in  close  relation  to  the  specimens  already 
described  from  Socotra.^ 


IX. — Notes  on  thb  Nombnolatu&b  of  the  Fishes  of  the  Old 

Bed  Sandstone  of  Gbeat  Britain. 

By  Dr.  B.  H.  Tbaquaib,  F.R.S.,  F.G.S. 

THE  nomenclature  of  the  fishes  of  the  Old  Red  Sandstone  of  Great 
Britain,  with  the  exception  of  the  Cephalaspidse,  revised  some 
years  ago  by  Professor  Lankester,  is  at  present  in  a  very  unsatisfac- 
tory state.  A  vary  large  number  of  the  species  named  by  Agassiz, 
as  well  as  by  McCoy,  were  undoubtedly  founded  upon  deceptive 
characters,  due  partly  to  different  modes  of  preservation  in  difierent 
rocks,  partly  also  to  those  apparent  variations  in  external  form, 
which  are  inevitable  in  such  ancient  fossil  fishes  devoid  of  a  fully 
ossified  internal  framework,  without  which  the  original  outline  can- 
not be  expected  to  be  constantly  preserved.  In  specimens  from  one 
locality  the  external  ganoid  surface  of  the  scales  may  be  well  shown, 
in  those  from  another  it  may  be  constantly  hidden  or  obscured, 
while  the  proportional  measurements  in  the  very  same  species  may 
vary  infinitely,  by  the  fish  being  lengthened  out,  or  shortened  up 
by  changes,  which  have  occurred  after  death  or  during  the  consolida- 
tion of  the  enclosing  rock.  These  and  kindred  sources  of  fallacy 
can  only  be  guarded  against  by  long  experience  in  deciphering  such 
remains,  coupled  with  the  examination  of  an  immense  number  of 
specimens. 

As  I  am  at  present  engaged  on  a  complete  synonymic  Catalogue  of 
the  Palaeozoic  Ganoids  and  Dipnoi  in  the  Edinburgh  Museum,  I 
shall  limit  myself  in  the  following  brief  ''  notes  "  to  indicating  a  few 
of  the  principal  results  which  I  have  obtained  in  the  course  of  my 
examination  of  the  fishes  of  the  Old  Red  Sandstone. 

Order  Dipnoi. 
Family  DiPTSRiDiE  {Ctenodipterinif  Pander). 

Dipterus,  Sedgw.  and  Murch. — Four  species  of  this  genus  were 
named  by  Sedgwick  and  Murchison,  namely,  D.  macropygopteruSf  J), 
brachypygopterus,  D.  Valenctennesii  and  D.  macrolepidotus.  All  four 
were  united  by  Agassiz  under  the  name  of  macrolepidotus,  but  it 
was  clearly  shown  by  Pander  and  McCoy  that  macrolepidotus  had 
no  place  in  the  original  definition  of  the  genus,  being  possessed  of 
rhombic  instead  of  circular  scales.  The  other  three  were  maintained 
to  be  distinct  by  McCoy,  while  Sir  Philip  Egerton,  admitting  the 
identity  of  the  first  two,  still  held  out  for  the  separation  of  Valen- 
ciennesii.  After  a  careful  study  of  the  original  types  in  the  collec- 
tion of  the  Geological  Society  I  fully  agree  with  Pander  that  D. 
macropygopterus,  hrachypygopterus,  and  Valenciennesii  are  one  species, 
for  which  it  is  desirable  to  retain  the  last-mentioned  name,  given  in 

^  Phil.  Trans.  1883,  p.  273, 
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honour  of  the  distinguished  French  ichthyologist.  As  a  83monyin  it 
is  also  necessary  to  include  Palyphraetus  platyeephaluM^  Ag.,  which 
was  long  ago  shown  to  he  a  Dipterus  hy  H.  Miller.  One  species, 
however,  exceedingly  distinct  from  2>.  Valendermeeii,  may  here  be 
briefly  described. 

D.  macropterus,  n.sp.  Traq. — Distinguished  from  D.  ValendenMem 
by  the  long  base  and  broad  rounded  contour  of  the  second  doFsal 
fin,  and  by  the  thinness  of  the  scales,  which  permit  the  outlines  of 
the  internal  skeleton  to  be  seen  through  them.  The  other  fins  are 
as  in  D.  Valeneienneni,  the  pectorals  and  ventrals  being  beantifally 
"  archipterygial  *'  in  their  contour. 

Lower  Old  Red  Sandstone,  John  o*Qroats,  Caithness,  Edinbuigb 
Museum,  collected  by  the  late  C.  W.  Peach. 

Order  Ganoidei. 
Suborder  Placodesmata. 
Family  Asterolbfida. 

Asterolepis  and  Pterichthys, — There  can  be  no  doabt  that  A$tero1epUf 
Eiohwald,  is  prior  to  Pterichthys,  Agassiz,  and  if  Pander  were  right 
in  maintaining  the  identity  of  the  two  genera,  it  would  be  hard  to 
deny  the  preference  to  Uie  first  of  these  names.  But  Beyrich,^ 
Lahusen,'  and  Zittel,'  accepting  Sir  Philip  Egerton's  view  that  the 
arms  in  Pterickthys  were  articulated  to  **  thoracic  "  plates,  distinct 
from  the  anterior  ventro-laterals,  have  founded  a  diagnostic  mark  oa 
this  supposed  peculiarity,  as  such  "  thoracic  "  plates  certainly  do  not 
exist  in  the  Russian  Asterolepis,  But  just  as  little  do  they  exist  in  the 
British  Pterichthys,  as  an  examination  of  hundreds  of  specimens  has 
absolutely  convinced  me  that  the  pectoral  limbs  were  articulated  here 
precisely  as  in  Asterolepis,  A  valid  generic  distinction  may,  how- 
ever, be  found  in  the  mode  of  articulation  of  the  anterior  median 
dorsal  plate.  According  to  Pander  this  plate  overlaps  both  the 
anterior  and  posterior  ventro-laterals,  whereas  in  PterichtkySf  though 
it  overlaps  the  former,  it  is  itself  overlapped  by  the  latter.  These 
facts  regarding  the  body-plates  of  Pterickthys  were  long  ago  known 
to  Hugh  Miller ;  it  is  interesting  to  add  that  the  general  structure 
of  PterichthySf  including  that  of  the  head  and  arms,  is  very  much 
closer  to  that  of  Asterolepis  than  of  Boihriolepis,  some  of  whose 
species, — namely,  hydrophilus,  Ag.,  major,  Ag.,  and  maerocephjlUi 
Egert.,  have  been  included  in  Pterickthys. 

Asterolepis  maximns,  Ag.  sp. — The  large  Asterolepid  occurring  in 
the  Upper  Old  Red  Sandstone  of  Nairn  (Seabank  and  Kingsteps), 
a  fragment  of  whose  anterior  median  dorsal  plate  was  figured  by 
Agassiz  as  "  Coccosteus  "  maximus,  and  afterwards  supposed  by  Hugh 
Miller  to  belong  to  **  Pterickthys  "  majors  seems  to  me  to  be  referable 
to  Asterolepis,  as  the  anterior  median  dorsal  plate  most  undoubtedly 
overlaps  both  anterior  and  posterior  dorsal-laterals.    I  have  now  got 

*  *'Ueber  einen  Pterichthys  von  Gerolstein,"  Zeitschr.   deutscb.   jreol.   Gesellsch. 
1877,  p.  764.  * 

'  "  Zur  Kenntnisa  der   Gattung  Bothriolepis,  Eicbw.,"   Trans.  Imp.  Min.  Soc 
0&  Petersburg.    1879. 

••  Handbuoh  der  PalaBoiitoVo^e J'  '^^\.  m.  '^x..  \,  '^'^.  W^-VA . 
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together  an  inBtructive  series  of  its  remains,  from  which  it  appears 
that  the  head  and  arms  olosely  resembled  those  of  Asterolepia  and 
FUricJUhys,  the  limbs  being  very  short,  and  soaroely  reaching  beyond 
the  lozenge-shaped  median  plate  of  the  ventral  surface.  As  a  species 
it  is  distinguished  by  the  excessive  narrowness  of  the  anterior 
margin  of  the  anterior  median  dorsal  plate,  which  consequently 
assumes  an  almost  pointed  lanceolate  contour. 

Species  of  Pterichihys. — I  would  arrange  the  British  species  of 
Fterichthys  as  follows : 

A.  Tenninal  diTirion  of  ami  slender,  tapering. 

1.  Fttriehihyt  MiUeri,  Ag.  (induding  P,  latut^  Ag.}.    Inferior  torfaoe  of 

carapace  broadly  orate. 

2.  P.   guadratuif  £ger.    Inferior  surface  of    carapace  peculiarly  short  in 

proportion  to  its  breadth. 

3.  P.  eornutuSf  Ag.  (including  P.  tetiudinariua,  Ag.).     Inferior  surface  of 

carapace  narrowly  orate. 

B.  Terminal  division  of  arm  expanded,  abruptly  pointed. 

4.  Pteriehthyt  produetu*,   Ag.    (including  P.   eancriformU,  -^S*)*     Inferior 

surface  of  carapace  narrowly  orate. 
6.  P.   tibiongutj  Ag.    Inferior  surface  of  carapace  long  and  narrow,  sides 
nearly  straight. 

As  the  distinctions  of  form  indicated  above  are  actual,  and  not 
the  result  of  mere  distortion  by  crushing,  I  have  thought  it  desirable 
to  retain  the  groups  represented  by  them  as  distinct  species.  Yet 
so  closely  do  they  represent  each  other  in  other  respects,  that  very 
possibly  they  may  only  be  entitled  to  rank  as  varieties.  Before 
coming  to  these  conclusions,  I  have  examined  a  very  large  number 
of  specimens  in  various  museums,  including  all  the  types  save  that 
of  Pierichthys  quadratus,  Egert 

Before  leaving  the  subject  of  Fterichthys  1  may  state  that  I  have 
examined  the  specimen  in  the  Egerton  Collection,  British  Museum, 
on  which  Sir  P.  Egerton  founded  his  opinion  that  a  pair  of  ventral 
fins  were  present  in  this  genus,  and  find  that  the  two  supposed 
ventrals  are  only  two  portions  of  the  dorsal  separated  by  a  little 
dislocation  or  fault,  a  phenomenon  of  by  no  means  uncommon  occur- 
rence in  nodules. 

Bothriolepis,  Eichwald. — When  Pander  wrote  his  well-known 
*'  Plaoodermen,"  he  was  unacquainted  with  the  structure  of  Bothrio- 
lepiSj  else  he  would  not  have  included  it  with  Fterichthys  as  one  of 
the  synonyms  of  Asterolepis,  The  dorsal  plate  figured  by  Eichwald 
as  belonging  to  Bothriolepis  omatus  *  marks  it  as  one  of  a  group  of 
species,  which  we  now  know  from  Eussia,  from  Great  Britain,  and 
from  Canada,  and  whose  generic  distinctions  both  from  Asterolepis  and 
Fterichthys  are  of  the  most  salient  kind.  Most  of  these  distinctions 
were  pointed  out  by  Lahusen  and  by  Trautschold,'  but  our  know- 
ledge of  the  genus  has  also  been  largely  increased  by  the  discovery 
of  numerous  well-preserved  individuals  of  a  Canadian  species,  which 
has  been  figured  and  described  by  Whiteaves  under  the  name  of 
Fterichthys  (Bothriolepis)  Canadensis.^ 

^  Lethsea  Rossica,  tab.  56,  fig.  3. 

'  Ueber  BothrioUpit  Fanderi,  Lahusen,  Bull.  Imp.  M.o^.  -voV  ^?),  ^V..*).  V^A'^'^JkV 
pp.  169-179-  »  Trans.  Roy.  Soc,  CasvaAa,  ^^,  \^\-Wl , 
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In  Bothriolepis  the  head  plates  show  considerable  differenoet  of 
shape  from  those  in  Pterichthys  and  AsteroUpis,  the  most  important 
being  the  case  of  the  postmedian,  which  does  not  extmd  ootwards 
on  each  side  to  join  the  lateral  plate,  but,  antero-posteriorlj  bemi- 
elliptical  in  contonr,  is  received  in  a  deep  ronnded  notch  in  tbe 
median  occipital.  The  grooves  of  the  lateral  line  system  are  dif- 
ferently arranged  on  the  head,  and  on  the  anterior  median  dorsal 
a  prominent  groove  is  seen  in  the  form  of  an  inverted  V  with  the 
apex  near  the  centre  of  the  plate.  The  carapace  is  rather  flattened 
above,  and  there  is  a  longitudinal  dorso-lateral  as  well  as  a  ventro- 
lateral sharp  inflexion  or  carina,  while  the  arms  are  particularly 
long,  sometimes  extending  beyond  the  posterior  extremity  of  the 
carapace.  It  is  odd  that  no  trace  of  a  scaly  tail  should  ever  have  been 
discovered  in  Bothriolepis  in  spite  of  the  perfection  of  numerous 
specimens  in  every  other  respect,  but  this  by  no  means  proves  that  the 
tail  itself  was  absent,  only  that  it  had  no  preservable  hard  parts. 

To  Bothriolepis  belong  **  Fterichthys  "  major,  Ag.,  from  the  Upper 
Old  Red  of  Scat  Craig,  Heads  of  Ayr,  Siccar  Point,  etc. ;  "  Pam- 
phractus  "  hydrophiluSy  Ag.,  from  Dura  Den  ;  "  PtericMhys  "  macrO' 
eephaluSf  Egert,  from  Farlow,  and  I  shall  here  indicate  what  I 
consider  to  be  two  additional  British  species. 

Bothriolepis  giganteus,  n.sp.  Traq.  ( =  Bothriolepis  omatus,  Ag. 
pars,  non  Eichwald). — Of  large  size;  anterior  median  dorsal  plate 
gently  convex,  not  cariuate,  surface  of  plates  covered  by  rather 
coarse  tubercles  more  or  less  confluent  into  vermicularly  contorted 
sometimes  reticulated  ridges,  and  frequently  displaying  stellate  bases. 
Fragments  of  impressions  of  plates  of  this  species  were  figured  by 
Agassi z  as  belonging  to  B.  omatus,  Eich.  (Old  Bed,  tab.  29,  figs.  3, 
4,  5),  but  the  anterior  median  dorsal  plate  is  broader  in  shape  than 
that  figured  by  Eichwald,  and  the  sculpture  is  also  different  Upper 
Old  Ked,  Alves,  near  Elgin.  I  am  greatly  indebted  to  the  Rev.  Dr. 
Gordon  of  Birnie  and  to  the  Directors  of  the  Elgin  Museum  for  the 
opportunity  of  studying  the  remains  of  this  magnificent  species,  of 
which  I  intend  soon  to  give  a  detailed  description  in  another  place. 

Bothriolepis  ohesus,  n.sp.  Traq. — Of  this  I  have  only  seen  tlie 
anterior  median  dorsal  plate,  posterior  dorso-lateral,  and  the  anterior 
and  posterior  ventro-laterals,  the  specimens  being  contained  in  the 
collections  of  the  Geological  Survey  of  Scotland,  and  of  the  Museum 
of  Science  and  Art,  Edinburgh.  ITie  dorsal  plate  is  oarinated  along 
the  middle  line,  the  posterior  dorso-lateral  is  peculiarly  short  and 
deep,  the  posterior  ventre- lateral  is  remarkable  for  the  great  height 
of  its  ascending  lamina,  the  contour  of  these  plates  indicating  a 
carapace  of  a  proportionally  short  and  "  thick-set "  aspect  Surface 
coarsely  tuberculated.  This  is  also  a  large  species,  and  from  the  Qpper 
Old  Red  of  liule  Water,  near  Jedburgh.  All  the  British  species  of 
Bothriolepis  are  from  the  Upper  Old  Red  Sandstone,  and  comprise 
the  largest  as  well  as  nearly  the  smallest  of  the  known  forms  of 
Asterolepidee. 

Microhrachius    Dickii,  iv.^fttL.  Tt^n^q^.  (j=  Pterichthys  Dickii,  C.  W. 
Peaob,  name  only,  BiVtiaYik  A»w>^  ^fi^^^.  \^'^'v , 'Yx^iXkS^  ^1  ^'^<^^ 
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p.  72). — ^Yery  small,  bead  and  carapaoe  only  attaining  a  length  of 
1}  inoh.  Arrangement  of  head-plates  not  decipherable,  carapaoe 
depressed,  anterior  median  dorsal  plate  broad,  overlapped  by  the 
posterior  dorso-lateral,  and  also  by  the  anterior  dorso-lateral,  except 
towards  its  anterior  angles,  where  the  condition  is  suddenly  reversed; 
surface  minutely  tuberculated  ;  arms  very  short ;  no  trace  of  tail  or 
of  caudal  scales.  In  the  Museum  of  Science  and  Art,  Edinburgh, 
collected  by  the  late  C.  W.  Peach,  from  the  Lower  Old  Bed  Sand- 
stone of  John-o-Oroats,  Caithness. 

Owing  to  the  apparently  depressed  shape  and  the  absence  of 
caudal  scales,  I  should  have  included  this  strange  little  species  in 
BothriolepiSf  were  it  not  for  the  shortness  of  the  arms,  and  the 
peculiar  articulation  of  the  anterior  median  dorsal  plate.  I  there- 
fore venture  to  propose  a  new  genus  for  its  reception. 

Family  Coooostbidje. 

Coeeo8teu8,  Agassiz. — With  regard  to  Coceosteus,  I  believe  that 
C,  ohlonguSf  Ag.,  cuapidatua,  Ag.,  microspondylus  and  trtgonaapiB, 
McCoy,  and  MiUeri,  Eger.,  are  all  synonyms  of  C.  decipiena,  Ag.  I 
rather  think  that  C.  ptiaillua,  McCoy,  is  also  a  young  specimen  of  the 
same  species,  and  if  so,  then  the  name  C,  mtnor,  Hugh  Miller,  should 
be  applied  to  the  small  Thurso  specimens  (see  Cruise  of  the  Betsy, 
chap.  X.)  collected  by  Bobert  Dick,  which  most  certainly  are  ex- 
tremely distinct  from  the  ordinary  Moray  Frith  and  Orkney  examples 
of  the  genus.  I  cannot  agree  with  v.  Koenen  in  referring  the 
specimen  figured  by  Agassiz  in  his  **  Old  Bed,"  tab.  x.  fig.  1,  as  one  of 
C,  deeipiena,  and  afterwards  named  by  Egerton  C,  Milleri,  to  his  new 
"  subgenus  "  Brachydetnia  (see  *'  Beitrag  zur  Kenntniss  der  Placoder- 
men  dee  norddeutschen  Oberdevons,"  Abh.  Kon.  Gesellseh.  der  Wis- 
sensch.  1883),  and  I  may  also  state  that  among  the  hundreds  of 
examples  of  Coccoateua  from  Scotch  deposits  which  I  have  examined, 
I  have  never  found  the  slightest  trace  of  the  pectoral  spine,  repre- 
sented in  his  restoration  of  Brachydeirua  (ih.  pi.  iv.  ^g,  1). 

Momoateua,  Asmuss. — As  there  can  be  no  doubt  that  Agassiz  was 
in  error  in  attributing  to  Eiohwald's  Aaterolepia,  Asmuss's  *'  Biesen- 
knochen  "  from  Dorpat,  afterwards  referred  by  the  last-named  author 
to  two  genera,  Homoaieua  and  Heteroaieua,  the  name  Homoateua, 
Asmuss,  must  certainly  be  applied  to  the  ''Asterolepis  of  Stromness,'* 
whose  remains  were  first  figured  by  Hugh  Miller  in  his  ''Footprints 
of  the  Creator."  As  there  is  no  evidence  that  this  gigantic  Coccostean 
belongs  to  any  of  these  species  named  by  Asmuss,  I  propose  to  name 
it  Hamoateua  Milleri. 

Suborder  Aoanthodbi. 
Family  Aoanthodidji. 

Meaaeanthua,  n.  gen.  Traq.  (^^ Acanihodea,  Agassiz  pars). — The 
small  AcanthodeaAxke  fishes  of  the  Scottish  Lower  Old  Bed  Sand- 
stone diflfer  from  Acanthodea  of  the  Carboniferous  and  Permian 
rooks  by  the  presence  of  a  pair  of  small  intermedmtA  «^vcv^^  \\w  \fc«^ 
heily   between  the  pectoral  and  ventral  B]|^m^^.     Hw^  \a»?j  \i«k 
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included  MeBaeanihut  ptmUuB,  Ag.  sp.,  M,  Peaehii,  Egert  sp.  (incL 
A.  eoriaceus,  Egert),  and  M,  MitcheUif  Egert.  sp. 

CheiracanthuBy  Agassiz. — In  this  genus  a  multitade  of  supposed 
species  have  been  erected  upon  differenoes  which  I  have  for  years 
been  convinced  are  due  merely  to  various  conditions  of  preservation 
in  different  kinds  of  rock.  As  absolutely  synonymous  with  the 
type  species  Ch.  MurehtBani,  Ag.,  I  include  Ch.  microlepidotuB,  Ag., 
Ch,  minor,  Ag,,  Ch.  later altB,  McCoy,  and  Ch.  pvlverulentus,  McCoy. 
But  Ch.  grandtBpinuB,  McCoy,  and  Ch.  laiuB,  Egerton,  are  "good 
species,"  and  are  easily  recognizable  wherever  they  occur. 

Diplacanthus,  Agassiz. — The  type  of  the  genus,  D,  striatus,  Ag.,  it 
well  known  to  possess  two  dorsal  spines,  four  pectoral,  two  inter- 
mediate, two  ventral,  and  one  anaL  Specifically,  I  am  unable  to  see 
any  valid  distinction  between  D,  BtriaiuB  from  Cromarty  and  Gamrie, 
D.  BtrtatuluB,  Ag.,  from  Lethen  and  Tynet,  D.  craasiBpinuB,  Ag.,  and 
D,  gibbus,  McCoy,  from  Orkney ;  all  the  distinctions  which  have 
been  noted  are  to  my  mind  due  to  differences  of  age  and  mode  of 
preservation. 

RhadinacanthuB,  n.  gen.  Traq.  {:=  DtplacanthuB,  Ag.  pars.). — 
The  long,  slender  dorsal  spines  of  Diplacanthus  langiapinus,  Ag., 
contrast  most  strongly  in  appearance  with  those  of  D.  striatus,  bat 
a  more  obvious  mark  of  generic  distinction  is  seen  in  the  absence 
of  the  second  or  lower  pair  of  pectoral  spines.  There  is  a  pair  of 
intermediate  ventral  spines  between  the  pectorals  and  ventrals.  As 
a  synonym  of  Rhadinacanihus  longispinus,  Ag.  sp.,  I  feel  constrained 
to  include  Diplacanthus  gibbus  of  McCoy. 

Ischnacanthus,  Powrie. — This  genus,  proposed  by  Powrie*  for 
Diplacanthus  gracilis,  Eger.,  and  afterwards  withdrawn  by  its  founder,' 
ought  to  be  restored,  as  this  beautiful  Forfarshire  species  is  destitute 
of  the  intermediate  ventral  spines  with  which  all  the  other  Diplacan- 
thoid  fishes  are  provided ;  the  powerful  dental  armature  of  its  jaws 
is  also  a  well-marked  feature  of  the  genus. 

Suborder  Crossoptebygii. 

Family  HoLOPTYCHiiDiB. 

The  Holoptychiidae  en4)hatically  difi'er  from  the  other  Crosso- 
pterygian  families  in  having  the  pectoral  fins  acutely  lobate;  the 
internal  skeleton  of  this  fin  must  have  been  entirely  cartilaginous, 
but  there  can  be  no  doubt  that  it  was  a  **  biserial  "  arch i pterygium 
as  in  Ceratodus ;  the  ventrals,  however,  are  only  subacutely  lobate. 
The  teeth  are  dendrodont  in  structure,  although,  as  in  the  Khizodontidae, 
the  laniaries  of  the  mandible,  except  the  most  anterior,  are  set  on 
separate  internal  dentary  ossicles.  In  the  lihizodontidae  on  the  other 
hand  the  pectorals  are  subacutely  or  obtusely  lobate,  the  internal 
skeleton  of  both  pectoral  and  pelvic  limbs  forming  an  abbreviate 
uniserial  archipterygium,  and  the  teeth  are  "  labyrintbodont "  in 
structure,  the  dentine  of  the  base  being  vertically  folded  in  a 
more  or  less  complex  manner,  so  as  to  divide  the  pulp  cavity  into 

*  Quart.  Journ.  Geo!.  Soc.  1864,  p.  419. 

*  TranB.  Edinb.  Geol.  Soc.  toI.  i.  p.  289. 
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a  series  of  vertical  tubes,  but  without  the  cross  branches  which  in 
the  dendrodont  arrangement  form  an  intricate  network  of  vessels. 
Zittel,  in  his  Handbuch»  refuses  to  accept  these  families  as  distinct, 
but,  adopting  as  a  *'  family  "  the  Oydodipteridaa  of  Liitken,  divides 
the  genera  into — 

"  (a)  Unvollkommen  bekannte  Formen  mit  dendrodonten  Zahnbaa 
(Dendrodus,  Cricodus,  ?  Colonodus,  ?  Sigmodfis). 

(6)  Formen  mit  langgestielten  Brustflossen  (IloloptychiidoB, 
Traquair). 

(c)  Formen  mit  kurzgestielten  Brustflossen  {Bhizodontidm, 
Traquair)." 

Here  it  may  be  observed — 

First,  that  there  is  no  reason  for  separating  Dendrodus  from  the 
Holoptychii,  the  latter  being  in  fact  *'  dendrodont^** 

Second,  that  Cricodus  {=i  Polyplocodtis,  Pander),  which  he  includes 
in  his  first  category,  is  certainly  not  dendrodont,  but  Rhizodont  in  its 
tooth  structure. 

Third,  that  to  include  the  forms  with  ^'lang-"  and  "kurz- 
gestielten Brustflossen"  in  one  "family"  is  contrary  to  current 
ideas  of  zoologists  as  to  the  limits  of  such  a  group,  indeed  one  might 
as  well  go  back  to  Agassiz*s  plan  of  having  "  homocercal "  and 
"  heterooercal  divisions  "  of  such  a  so-called  "  family  **  as  in  his  now 
discarded  "  Lepidoidei  "  and  "  Sauroidei." 

The  species  of  Holopiychius  are  extremely  difficult  to  define,  and 
having  only  a  few  days  ago  received  an  interesting  paper  from  M. 
Lohest,  of  Liege,  on  this  subject,  I  shall  defer  their  consideration 
for  the  present;  meanwhile  I  must  express  my  opinion  that  the 
scattered  teeth  and  fragments  of  jaws  known  as  Dendrodus  and 
Lantnodna  belong  to  fishes  at  present  known  to  us  by  their  scales  as 
species  of  Holopiychius  and  Qlyptolepis, 

The  large  head  figured  by  Prof.  Huxley  as  that  of  Glyptopomus 
minor,  Ag.,  certainly  belongs  to  Holopiychius j  probably  If,  Flemingii, 
which  seems  sometimes  to  have  attained  a  large  size.  The  genus 
Plaiygnaihus,  Ag.,  also  does  not  exist,  asP/.  Jamesoniy  Ag. — concerning 
which  Huxley  wrote  that  it  cannot  be  doubted  that  it  **  is  very 
closely  allied  to  Holopiychius  " — is  clearly  the  tail  end  of  a  Holopiy- 
chius turned  upside  down,  the  lower  aspect  of  the  caudal  being 
mistaken  for  an  enormous  dorsal,  and  the  second  dorsal  for  an  anal ; 
while  the  mandible  from  Orkney  figured  by  Agassiz  as  Flatygnaihus 
paucidenSt  is  with  equal  certainty  referable  to  the  same  large  species 
of  Glypiolepis  whose  sculptured  scales  and  dendrodont  teeth  were 
attributed  by  Hugh  Miller  to  his  "  Asterolepis  of  Stromuess  *' 
(Somosieus).  This  magnificent  Glypiolepis^  of  wliich  the  Edinburgh 
Museum  now  possesses  several  entire  specimens  from  Thurso,  must 
therefore  stand  as  G.  paucidens,  Ag.  sp. ;  and  as  synonyms  of 
6.  leptopieruSf  Ag.,  I  must  include  Holopiychius  Sedgwicki,  McCoy, 
and  Qlyptolepis  elegans,  Ag.  We  shall  presently  see  that  Glypiolepis 
microlepidotus,  Ag.,  is  not  referable  to  Glypiolepis  at  all,  but  belongs 
to  a  different  fi&mily. 

PXCAI»   UI.— TOL.  T. — VO.  XI.  33 
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Family  Rhizodomtida. 

The  Rhizodonts  are  not  nearly  so  prominent  a  groap  in  the  Old 
Red  Sandstone  as  in  the  Carboniferons  rocks,  nevertheless  their 
presence  both  in  the  Lower  and  Upper  divisions  of  the  first-named 
formation  is  attested  by  several  well-marked  genera,  such  at 
TristichopteruSy  Egert,  from  the  Lower  Old  Bed  of  Caithness,  and 
Eusthenopteron,  Whiteaves,  from  the  Upper  Devonian  of  Canads. 
There  are  also  others  to  which  I  shall  now  refer. 

Gyroptychius,  McCoy. — For  many  years  I  was  much  puzzled  by 
this  genus,  which — originally  refen^  to  the  **CoBlacanthi"  by  McCoy 
— was  classed  as  a  "Dendrodont"  by  Pander,  and  as  a  "Sauro- 
dipterine  *'  by  Egerton.  Huxley  also  placed  it  in  the  rhombiferoos 
division  of  his  Glyptodipterini ;  but  if  Pander's  figures  are  taken 
from  authentic  examples  of  Gyroptychius  angustus,  McCoy,  we  have 
to  deal  with  a  typically  Rhizodont  genus.  Accordingly  in  my 
account  of  Tristiehopterus  alatus  (Trans.  Roy.  Soc.  Edin.  vol.  xxvii. 
1875)  I  placed  it  in  the  group  of  CyclodipteridsB  (Cyclodipterini 
Liitk.  excl.  Holoptychiidse),  the  family  designation  of  which  I 
afterwards  altered  to  **  Rhizodontidsd  "  (Cranial  Osteology  of  Bhizo- 
dopsis,  ib.  vol.  xxx.  1881).  Not  having  at  that  time  (1875)  seen 
the  original  specimens,  I  appended  a  query,  owing  to  the  apparently 
rhombiferous  squaniation  of  G,  diphpleroides,  McCoy.  Since  that 
time  a  careful  examination  of  the  types  in  the  Woodwardian  Musenm, 
Cambridge,  has  a£forded  the  following  explanation  of  the  puzzle. 
Gyroptychius  dipJopteroidea  is  nothing  but  a  specimen  of  Diphptetiu 
Agasaizii,  Traill  (Z>.  borealiB,  Ag.),  with  the  ganoid  surface  of  the 
scales  wanting,  as  is  so  often  the  case  in  Orkney  specimens,  while 
G.  angustus  is  valid  generically,  is  a  Rhizodont,  and  no  doubt  the 
same  as  the  fish  whose  details  have  been  figured  and  described  hy 
Pander.  But  more  than  this,  on  examining  a  series  of  specimens  of 
Glypiolepis  nucrolepidoiuSy  Ag.,  including  the  types,  I  was  interested 
to  find  that  this  fish  had  obtusely  lobate  pectorals,  and  labyrintbically 
folded  tooth -bases,  and  is  therefore  not  a  Glyptolepts  nor  even  a 
Holoptychian,  but  a  Rhizodont.  And  on  comparing  those  Moray 
Frith  specimens  with  those  from  Orkney  referable  to  McCoy's 
Gyroptychius  angusfus,  so  close  is  the  resemblance  between  the 
rhombic  dipbycercal  shape  of  the  tail,  the  position  of  the  fins,  the 
shape  and  markings  of  the  scales,  and  other  details,  that  I  am 
forced  to  the  conclusion  that  Glyptolepis  microlepidoius,  Ag.,  and 
Gyroptychius  angnstus,  McCoy,  are  one  and  the  same  thing.  The 
genus  Gyroptychius  therefore  stands,  but  G.  dipl opt er aides  must  he 
cancelled,  and  for  the  type  species  "  microlepidotus,^^  Ag.,  must  be 
substituted  for  "  angustuSy''  McCoy.  I  may  remark  that  Gyroptychins 
is  one  of  those  genera  which,  like  Rhizodopsis  of  the  Carboniferous, 
closely  bind  together  the  families  of  Rhizodontidae  and  Rhombo- 
dipteridae. 

Another  Rhizodont  genus  of  the  Old  Red  Sandstone  (Upper)  is 
represented  by  the  Bothriolepis  favosus  of  Agassiz,  a  mandible  of 
which,  from  Clashbennie,  in  the  Edinburgh  Museum,  clearly  shows 
that  the  teeth  were  labyrintbically  folded  at  the  base  as  in  Bhizodu$, 
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'wbich  genus  it  still  further  resembles  in  having  the  laniaries  com- 
pressed and  two-edged  towards  the  apex ;  these  laniaries  are  how- 
ever proportionally  much  smaller  in  size,  and  the  internal  denticles 
which  support  them  different  in  shape  from  those  of  Bhtzodtu,  being 
broad  and  flat,  instead  of  narrow  and  compressed.  This  species  may 
probably  turn  out  to  be  generically  referable  to  Cricodus,  Ag.,  which, 
judging  from  Agassiz's  figures  of  C,  incurvus  and  of  Folyploeodus 
given  by  Pander,  is  certainly  a  Rhizodont.  It  will  be  remembered 
that  "  Polyplocodm  "  was  the  name  by  which  Pander  sought  to  dis- 
place "  Cricodus,"  on  the  ground  that  the  latter  was  descriptively 
inaccurate. 

RnOMBODIPTERIDiE. 

It  is  remarkable  that  although  Zittel,  in  his  "  Handbuch,"  includes 
the  Rhizodonts  in  one  heterogeneous  family  with  the  Holoptychii,  he 
nevertheless  keeps  the  Rhombodipterines  apart,  whose  close  affinity 
with  the  Rhizodonts  I  have  indicated  in  my  memoir  on  the  Cranial 
Osteology  of  Rhizodopsis  already  quoted.  In  fact  much  is  to  be  said 
in  favour  of  Prof.  Miall's  plan  of  uniting  the  Rhizodonts  and 
Rhombodipterines  in  one  group,  and  in  this  connection  I  may 
mention  the  recent  discovery  by  Mr.  J.  Ward,  F.G.S.,  of  a  specimen 
apparently  of  Rhizodopsis  on  the  scales  of  which  there  is  undoubted 
evidence  of  ganoine,  while  I  think  I  have  myself  observed  the  same 
phenomenon  in  the  case  of  the  fin- rays  of  a  specimen  of  Gyroptychws 
microlepidotus  from  Tynet.  But  I  shall  for  the  present  adhere  to 
the  arrangement  given  in  my  essay  on  Tristichopterns,  thereby 
dividing  the  RhombodipteridsB  into  two  subfamilies — Glyptoloomini, 
in  which  the  scales  are  sculptured  and  destitute  of  ganoine,  and 
Saurodipterini,  in  which  the  scales  are  covered  with  a  layer  of 
ganoine  and  the  elements  of  the  cranial  roof  and  of  the  mandible 
have  a  tendency  to  fusion  with  each  other. 

Saubodiptebini. 
Osteolepis,  Val.  and  Pentland. — The  genus  Osteolepis  is  mentioned 
by  Sedgwick  and  Murchison  as  having  been  named  by  Valenciennes 
and  Pentland  with  two  species,  macrolepidotus  and  microlepidotus, 
but,  unfortunately,  neither  figures  nor  adequate  descriptions  are 
given,  though  Pander  identifies  as  '*  Osteolepis  "  the  figure  given  in 
the  same  paper  as  that  of  a  yoimg  individual  of  **I)ipterus" 
macrolepidotus,  Agassiz  afterwards  adopted  the  name  Osteolepis  in 
place  of  his  own  **  Fleiopterus,"  and  described  the  species  macro- 
lepidotus  and  microlepidotus  from  the  specimens  from  Orkney  in  the 
collection  of  Prof.  Traill.  Here  I  must  agree  with  Pander  that 
Agassiz's  ''  microlepidotus  **  is  identical  with  his  macrolepidotus,  and 
I  feel  indeed  doubtful  if  even  the  latter  is  the  same  fish  with  that 
originally  so  named  by  Valenciennes  and  Pentland,  as  I  have  never 
convinced  myself  of  its  occurrence  in  the  Caithness  beds  at  all. 
And  I  must  also  agree  with  Pander  in  considering  that  the  Osteolepides 
from  the  Moray  Frith  nodules,  namely,  '* arenatns,"  Ag.,  and  *' major,'* 
Ag.,  are  both  synomymous  with  0.  macrolepidotus  from  Orkney,  and 
only  differ  in  their  mode  of  preservation.     0.  brevis,   McGoyi  of 
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which  I  have  carefully  examined  the  type,  is,  to  my  mind,  nothing 
more  than  a  shortened-up  and  vertically  "  squashed  "  specimen  of 
0.  maeroleptdotus.  And,  as  already  surmised  by  Pander,  Triploptem 
Follexfeniy  of  McCoy,  is  certainly  an  OsUolqns  maeroiepidotui,  so 
crushed  that  both  ventral  fins  are  visible,  one  of  which  has  been 
mistaken  for  the  supposed  single  dorsal. 

The  beautiful  little  Caithness  fish,  minutely  described  and  figured 
by  Pander  as  O.  microlepidotus,  is  certainly  a  most  distinct  species, 
whether  it  be  that  originally  so  named  by  Valenciennes  and  Pent- 
laud  or  not  It  abounds  in  some  localities  near  Thurso,  and  there 
i»  a  magnificent  set  in  the  Hugh  Miller  Collection  in  the  Edinburgh 
Museum. 

Thursitis,  n  gen.  Traq.  (=  Diptems,  Segdw.  and  Murch.  pars, 
Oateolepia,  Pander  pars,  IHpJopterus,  McCoy  pars). — With  the  speci- 
men figured  by  Sedgwick  and  Murchison  as  a  young  individual  of 
"  Dipterus  macrolepi dolus,'*  and  erroneously  adopted  by  Agassiz  as 
the  type  of  the  genus  Diplerus,  I  identify  with  ease  a  common 
Thurso  species,  specimens  of  which  are  often  seen  in  museums, 
sometimes  labelled  '*  Osteolepts,*'  sometimes  **  IXplopterusJ**  By 
McCoy  it  was  considered  to  be  a  IHplopterus,^  and,  strangely  enough, 
identified  with  Aga88iz*s  J),  macrocephalus,  while  many  of  the  heads 
figured  by  Pander  as  belonging  to  Osieolepis  macrolepidotus  clearly 
belong  either  to  this,  or  to  a  closely  allied  species.  But  in  reality  it 
belongs  neither  to  the  one  nor  the  other  genus,  seeing  that  to  the 
heterocercal  tail  of  Osteolepis  it  adds  the  opposition  of  the  two  dorsd 
fins  to  the  ventral  and  anal  respectively,  as  seen  in  JXplopterus  and 
JJHegalichthys, 

Having  failed  in  my  endeavours  to  construct  a  descriptive  Greek 
name  for  this  genus,  I  have  named  it  after  the  locality  around  which 
its  remains  are  commonly  found.  Two  species  are  readily  distin- 
guishable, and  of  these  the  typical  one  for  which  we  are  compelled 
to  adopt  the  name  **  macrolepidotns  "  has  unfortunately  the  smaller 
scales.  The  other,  possessing  scales  of  a  remarkably  large  size,  and 
having  the  jaws  proportionally  shorter  and  broader,  I  propose  to  call 
Thursius  pholidotus.  A  species  of  the  same  genus,  possibly  distinct 
from  the  above,  though  closely  allied  to  Th.  macrolepidotns,  is  the 
most  abundant  fish  in  the  flagstones  of  South  Head,  Wick,  large 
numbers  of  it  having  been  collected  by  the  late  C.  W.  Peach. 

Diplopterus,  Agassiz. — I  cannot  admit  that  there  is  any  specific 
distinction  between  the  Diplopteri  of  the  Moray  Frith  nodules  (B, 
macrocephalus,  Ag.,  and  affinis,  Ag.)  and  the  common  Orkney  species 
D.  Agasskii,  Traill  (0.  horealis,  Ag.),  nor  can  McCoy's  D.  gracilis 
be  recop:nized  as  a  "  good  "  species,  for  reasons  already  frequently 
and  sufficiently  explained. 

Suborder  Aoipenskkoidei. 
Family  Pal^oniscid.e. 

CheiroleptSy  Agassiz. — Concerning  Cheirolepis  I  have  the  same  tale 
to  tell.     No  less  than  six  species  of  this  genus  have  been  described 

1  PaL  Fo88.  p.  687. 
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from  Orkney  and  from  the  Moray  Frith  beds,  namely,  Ch.  TratUi, 
Ag.,  Ch,  uragus,  Ag.,  Ch.  Cummingia,  Ag.,  Ch,  eurtus,  McCoy,  Ch, 
macrocephalua,  MoGoy,  and  Ch,  velox,  McCoy.  Most  patient  observa- 
tion has  however  years  ago  convinced  me  that  there  is  only  one 
species  of  Cheirolepia  as  yet  known  from  the  British  Old  Bed  Sand- 
stone, and  that  all  the  differences  noted  are  entirely  due  to  different 
modes  of  preservation  and  crushing.  A  similar  view  was  long  ago 
expressed  by  Mr.  Powrie  (Geol.  Mag.  Vol.  IV.  1867,  pp.  147-152). 


ifroa?iOES  OIF  d^e3s^oie.s. 

I. — Note  on  the  Halation  of  the  Perobntagb  of  Carbonic  Acid 
IN  THE  Atmosphere  to  the  Life  and  Growth  of  Plants.  By 
Bev.  A.  Irving,  D.Sc,  B.A.,  F.C.S.^ 

THE  author  refers  to  the  discussion  raised  recently  on  this  question 
in  the  pages  of  the  Geological  Magazine.  In  order  to  test 
the  hypothesis  adopted  by  Professor  Prestwich,  three  series  of  obser- 
vations have  been  made  during  the  past  summer  on  plants  exposed, 
under  similar  physical  conditions,  to  atmospheres  of  di£ferent  com- 
positions. The  evidence  obtained  all  points  in  one  direction,  and 
goes  to  show  that,  with  an  increase  of  the  percentage  of  carbonic 
acid  up  to  about  that  of  the  free  oxygen  present,  the  vigour  of  plant 
life  and  growth  is  also  increased,  so  long  as  the  plants  are  freely 
supplied  at  their  roots  with  water,  as  we  have  good  reason  to  suppose 
was  the  case  with  the  vascular  cryptogams  from  which  the  carbo- 
nized materials  of  the  Coal-measures  are  for  the  most  part  derived. 
The  author  further  considers  the  theory  as  throwing  some  light  upon 
a  certain  stage  of  development  of  life  upon  the  earth  in  later  Palsdo- 
zoic  time ;  the  great  development  of  plant  growth  in  the  Carboniferous 
age  having  served  as  the  means  of  storage  of  carbon  in  the  earth*s 
lithosphere,  and  thus  purified  the  atmosphere  so  as  to  render  it  fit 
for  the  development  of  air-breathing  forms  of  life  in  the  Mesozoic  age. 


11. — On  the  Ooourrenoe  of  Iolitb  in   the  Granite  of  County 

Dublin.     By  J.  Joly,  M.A.,  B.E.^ 

IOLITE,  not  previously  noticed  in  Irish  granitei  has  been  found 
by  the  author  in  the  granite  of  Gleucullen.  It  occurs  as  a 
microscopical  but  abundant  inclusion  in  a  substance  of  felspathio 
nature  which  is  to  be  found  interpenetrating  prisms  of  beryl.  Its 
presence  is  confined,  apparently,  to  the  felspar  so  intermixed  with 
beryl.     The  iolite  is  in  twelve-sided  basal  prisms,  showing  the  faces 

J,  t-1,  t-3,  t-1,  0.  In  size  up  to  0*1  mm.  in  length,  transparent, 
colourless  viewed  singly,  and  presents  a  vivid  and  beautiful  object 
in  the  polarizing  microscope.  Characteristic  features  are  the  basal 
angles  of  160°,  120°  or  60°  ;  its  generally  symmetrical  extinction  on 
elongated  rectangular  sections  and  the  transverse  cleavage  on  such 
sections.  A  foliation  or  plating  on  0,  and  an  oblique  twiuning-line 
parallel  to  I,  are  also  frequently  met  with.  Occasionally  the  crystals 
occur  in  radiating  groups.     Inclosures  are  rare,  generally  glass. 

^  Bead  before  Section  C.  BritiBh  Aisodation,  Bath,  September,  1888. 
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III. — Abchean  Charaotkes  of  thb  Rooks  of  the  Nuolbal  Bahgis 
OF  THE  Antilles.     By  Dr.  Pkrsifob  Frazer.' 

DUBING  a  visit  this  year  to  the  sonth-eastem  part  of  the  island  of 
Cuba,  the  speaker  had  made  some  examinations  of  the  rocb 
which  form  the  nucleus  of  the  spurs  of  the  Sierra  Maestra,  and  there 
is  strong  reason  to  believe  of  the  axial  range  of  the  entire  island  and 
of  Jamaica,  Santo  Domingo,  Puerto  Bico,  and  the  Windward  Islands 
as  well.  From  the  field  observations  there  made,  and  an  examina- 
tion of  the  specimens  under  the  microscope,  it  seems  highly  probable 
that  these  rocks,  instead  of  being  igneous  extensions  of  the  Tertiary 
period  and  later,  are  in  reality  of  much  earlier  date,  and  may  not  be 
entirely  volcanic. 

The  considerations  which  support  this  view  are — 

1.  Microscopic  analysis  shows  immense  alteration  to  have  taken 
place,  and  consequently  a  very  long  period  to  have  elapsed. 

2.  The  complexity  of  the  congeries  of  rocks  forbids  the  hypothesii 
of  their  having  been  derived  from  one  mass.  Where  this  congeries, 
therefore,  is  unconformably  adjacent  to  the  Tertiary,  there  can  be  no 
reasonable  doubt  that  the  crystalline  rocks  are  the  elder.  This  point 
of  view  was  suggested  by  Mr.  Teall,  who  would  consider  the  argu- 
ment valid  also  for  the  contact  with  the  Cretaceous,  and  perhaps 
older  series.  It  is  difficult  to  see  why  it  should  not  hold  equally 
good  for  the  contact  between  these  crystalline  and  the  Palseozoio 
rocks  as  made  out  by  De  Castro  near  Cienfuegos,  etc. 

8.  The  characters  of  the  several  associated  rocks  are  those  wbicb 
one  finds  united  in  very  many  Archean  regions  throughout  the  world. 

4.  The  products  of  alteration  of  these  rocks  are  similar  to  those 
which  one  finds  in  the  districts  just  alluded  to. 

5.  The  chemical  peculiarities  of  the  iron  ores  found  in  contact 
with  these  rocks  are  similar  to  those  which  one  finds  in  the  ores  of 
the  Archean  regions,  both  in  the  low  percentage  of  phosphorus  and 
in  the  pyrite  and  (more  sparingly)  chalcopyrite  disseminated  through 
the  ore,  and  in  other  respects. 

6.  If  this  nucleal  mass  had  been  forced  up  from  the  earth's  interior 
in  a  state  of  igneous  fusion,  there  would  not  be  now  (as  there  are) 
abundant  traces  of  stratification  and  structure,  implying  an  original 
sedimentation. 

7.  If  this  mass  had  resulted  from  volcanic  outflow,  there  must 
have  been  contact-phenomena,  and  changes  induced  on  the  surfaces 
of  the  rocks  with  which  it  was  brought  in  contact.  No  such  contact- 
alteration  has  been  observed  between  these  rooks  and  either  of  the 
three  groups  which  meet  them. 

8.  The  direction  of  the  range,  considered  as  a  whole,  lends  support 
to  the  hypothesis  that  it  is  a  fork  of  the  Andes  which,  diverging 
from  the  main  axis  in  Guatemala,  traverses  the  peninsula  of  Yucatan, 
and  in  a  symmetrical  curve  sweeps  through  the  highlands  of  Cuba 
and  Jamaica,  Hayti,  Puerto  Rico,  the  Windward  Islands,  and  the 
N.E.  coast  of  Venezuela.  This  run  of  high  land  once  inclosed  the 
Caribbean  as  another  Mediterranean  Sea. 

^  Bead  before  Section  0,  British  Association,  Bath,  September,  1888. 
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9.  The  shapes  of  the  hills  of  this  range,  prodnoed  by  weathering, 
are  not  those  usually  visible  in  regions  of  volcanic,  but  rather  of 
metamorphio  rocks. 

The  rocks  which  furnished  the  basis  for  the  above  conclusions  are 
all,  or  nearly  all,  alteration -products.  In  some  cases  they  appeared 
to  be  the  results  of  a  second,  third,  or  even  greater  number  of  meta« 
morphoses,  some  of  their  constituents  seeming  to  pass  through  cycles 
of  change,  ending  in  the  mineral  with  which  the  alteration  began 
after  a  number  of  intermediate  stages.  The  rocks  are  Diorites,  with 
Epidote,  Porphyritic  Dolerites,  which  resemble  and  have  been  taken 
for  Syenites ;  Garnet  rock ;  Actinolite ;  Felsite  and  Orthofelsite 
Porphyry,  like  that  of  the  South  Mountain  of  South-eastern  Pennsyl- 
vania, of  St.  David's  Head  in  Wales,  and  elsewhere.  To  these  are 
added  Pyrite  and  iron  ores.  Copper  and  manganese  ores  are  not 
rare,  but  their  relations  to  the  rocks  under  consideration  have  not 
been  made  out 


IV. — Sub    lb   genre  Euclastbs,     By  Louis   Dollo.      Ann.  Soc 
Geol.  du  Nord,  vol.  xv.  (1888),  pp.  114-122. 

A  DETAILED  discussion  results  in  the  conclusion  that  to  the 
synonymy  of  the  Chelonian  Endastes  (Cope,  1867),  must  be 
relegateti  the  genetic  names  Lytoloma  (Cope,  1871),  Puppigerua 
(Cope,  1871),  Glossochelys  (Seeley,  1871),  Pachyrhynchus  (Dollo, 
1886),  and  Erqueltnnesia  (Dollo,  1887).  The  genus  is  thus  defined 
as  follows : — Skull  very  broad  and  flat.  Supratemporal  fossae  com- 
pletely closed  by  a  bony  roof.  Orbits  more  or  less  directed  upwards. 
Nasals  distinct  A  lateral  temporal  notch  well  marked.  Palatine 
expansion  triangular,  very  thick,  and  almost  on  the  level  of  the 
alveolar  border.  Vomer  very  long,  extending  towards  the  occiput, 
and  separating  the  submaxillaries  and  the  palatines  for  a  consider- 
able distance.  Posterior  nares  situated  much  nearer  the  occiput 
than  in  the  Chelonidss.  Palatal  vacuities  for  the  passage  of  the 
temporal  muscles  extraordinarily  broad.  Mandible  massive,  with 
a  very  long  symphysis.  Carapace  rounded  behind.  The  Chalk 
fossil  shown  in  fig.  4,  plate  vii.  a  of  Owen's  "  Mon.  Fobs.  Kept  Cret. 
Form."  (Mon.  Pal.  Soc.  1851)  is  considered  to  belong  to  Euclastea; 
and  the  genus  is  also  represented  in  the  Upper  Cretaceous  of  the 
United  States,  and  the  Lower  Eocene  of  Belgium  and  England. 

V. — SuR  LB  Crane  des  Mosasauriens.     By  Lours  Dollo.    Bull. 

Scientifique  France  et  Belgique,  1888,  pp.  1-11,  pi.  i. 
fllHE  fine  double  plate  accompanying  this  paper  is  occupied  by  a 
J  profile  view  of  the  skull  of  Hainoaaurus  and  another  of  a  less  com- 
plete skull  of  Mosasaurua,  each  with  an  osteological  explanation,  and 
the  two  placed  together  for  comparison.  M.  Dollo  also  investigates 
an  interesting  minute  point  in  the  osteology  of  the  Mosasaurian 
skull,  namely,  the  significance  of  the  shallow  rounded  pit  upon  the 
proximal  half  of  the  quadrate  bone.  The  feature  was  first  noticed 
by  Prof.  E.  D.  Cope,  who  considered  that  it  probably  "  received  the 
extremity  of  an  osseous  or  cartilaginous  styloid  stapes;"  and  Sir 
Bichard  Owen  afterwards  suggest^  that  it  might  have  reoeive^ 
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**  the  end  of  a  long  outstanding  paroooipital  prooesa,  aa  in  the  Laoer- 
tilia.*'  The  disoovery  of  the  actual  styloid  bone  in  PU&platecarpui 
leads  to  a  different  conclusion ;  and  M.  Dollo  considers  that  the 
element  corresponds  to  that  termed  suprastapedial  by  Parker,  the 
cavity  thus  receiving  the  appropriate  name  of  "  fossette  supnistape- 
diale." 

VI. — Iquakodontid^  it  Camptonotid^,  By  Louis  Doixo.  Comptea 

Rendus,  March  12th,  1888,  pp.  775-777. 

IN  1882  Professor  Marsh  defined  the  two  Dinosaorian  families 
under  discussion  as  follows : — 
Camptomotidjs. — Clavicles  absent;   post-pnbis  complete  (Omip- 
ionotua,  Bypailophodon^  Zaosaurua,  Nanoiaurus), 

Iguanodomtida. — Clavicles  present ;  post-pubis  incomplete  (Ii^ua- 
nodon,  Vectitaurva). 

In  the  same  year,  M.  Dollo  attempted  to  show  that  the  supposed 
clavicles  were  really  sternal  bones,  and  proposed  a  rearrangement 
thus : — 

Htpsilophodontida. — Four  functional  toes.  Sternum  oonsistiDg 
of  a  simple  rhomboidal  bony  plate  (Bypnlophodon), 

JouANODOMTiDA. — Three  functional  toes.  Sternum  consisting  of 
two  bony  plates,  one  left  and  one  right  (Camptonottts,  Iguanodout 
Lao$auru8,  Nano$auru8,  Veetisaurua), 

A  reconsideration  of  the  subject  now  induces  the  Belgian  Palseon- 
tologist  to  return  to  Professor  Marsh's  original  arrangement,  with 
amended  definitions,  thus : — 

Camptonotida. — PremaxillfB  toothed.  Sternum  unpaired,  manus 
morphologically  pentadactyle,  and  reduced  on  the  ulnar  border  and 
in  the  centripetal  direction.  Thumb  normal.  Ossification  of  the 
pubis  extending  to  the  extremity  of  the  ischium.  Fourth  trochanter 
pendent.     Four  functional  pes-digits. 

(a.)  Two  phalanges  in  manus-digit  v.     Preacetabular  process 

of  the  ilium  slight.     No  rudiment  of  pes-digit  v.     (Camp- 

tonotus,) 

(b.)  No  phalange  in  manus-digit  v.     Preacetabular  process  of 

the  ilium  long.  A  rudiment  of  pes-digit  v.   {Hypnlophodon,) 

louANODONTiD^.  —  PremaxillflB    edentulous.        Sternum     paired. 

Manus  morphologically    pentadactyle,    and    reduced    on    the   radial 

border  and  in  the  centrifugal  direction.     Digit  v.  normal.     Pubis 

only  extending  to  the  distal  extremity  of  the  ischium  in  a  liganient- 

0U8    state.      Fourth    trochanter   crest-like.      Three    functional   pes- 

digits.     (Iguanodon.)  A.S.W. 

YII. — List  of  Fossil  Mammalia.  By  Dr.  Otto  Eooer.  Bericbt 
Naturw.  Vereins  Schwaben  u.  Neuburg  in  Augsburg,  vol.  xxix. 
(1887),  pp.  1-162. 

I^HJS  important  work  of  reference  is  a  new  edition  of  Dr.  Roger's 
list  of  known  fossil  mammalia  published  in  the  Correspondenz- 
blatt  Regensburg.  zool.-min.  Verein,  1879-82.  It  incorporates  the 
recent  results  of  Schlosser,  Lydekker,  Trouessart,  and  the  American 
paJfeontologists,  and  \a  l\i\]A  X^ioxx^Vxt  ^^IL  uq  to  date. 
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I. — Som  Devonian   and   Silitbian  Fossils  of  Kobth  Amvrioa. 

By  Jakks  Hall  and  J.  M.  Glabkb. 

IK  oontintiation  of  the  grand  series  of  monographs  on  the  Natural 
History  of  the  State  of  New  York,  prepared  by  eminent 
naturalists  and  geologists,  and  issued  from  time  to  time  at  the  expense 
of  the  State,  we  have  lately  received  a  handsome  instalment  This 
is  a  thick  quarto  volume,  entitled  : — 

"  Geological  Survey  of  the  State  of  New  York.  Palasontology : 
Vol.  Vll.  Text  and  Plates.  Containing  descriptions  of  the  Trilo- 
bites  and  other  Crustacea  of  the  Oriskany,  Upper  Helderberg, 
Hamilton,  Portage,  Chemung,  and  Catskill  Groups.  By  James  Hall, 
State  Geologist  and  Palsdontologist.  Assisted  by  John  M.  Clarke.'' 
4to.  Ixiv.  and  236  pages,  and  45  plates.  Together  with  a 
**  Supplement  to  Vol.  V.  Part  2,  of  the  Palaeontology  of  New-York 
State.  Pteropoda,  Cephalopoda,  and  Annelida ; "  42  pages,  and 
plates  114  to  129.     Albany,  N.  Y.,  1888. 

This  is  a  most  valuable  contribution  to  our  knowledge  of  the 
palseontology,  chiefly  of  the  Devonian  rocks  of  the  State  of  New 
York ;  and  is  a  large  addition  to  the  extensive  series  of  State 
publications,  which  the  veteran  Professor  Hall  has  already  produced 
in  Albany,  N.Y.,  with  the  aid  of  the  State  Museum  of  Natural  History. 
In  the  preparation  of  the  important  volume  before  us,  Dr.  James 
Hall  states,  in  the  preface,  that  he  has  to  acknowledge  with  great 
satisfaction  the  able  and  untiring  efforts  of  his  Assistant,  Mr.  John 
M.  Clarke,  both  in  the  preparation  of  the  matter  for  the  press,  and  in 
the  critical  study  of  the  material.  With  such  fossils  Mr.  Clarke's 
long-continued  researches  have  made  him  well  acquainted,  as  shown 
to  a  great  extent  by  his  previous  memoirs. 

A  study  of  the  descriptions  and  figures  of  the  Trilobites,  forming 
the  first  152  pages  and  34  plates,  particularly  impress  us  with  the 
fact  of  a  close  similarity  of  the  North-American  Devonian  forms  to 
those  of  Europe.  Many  of  the  genera,  as  Calymene,  Ifomalonoius, 
FhaeopSt  DalmaniteSy  Lfchas,  and  FroStus  suggest  to  some  extent  an 
Upper-Silurian  facies,  as  found  in  this  country  ;  and  some,  as  Phacops 
and  certain  forms  of  Pro^tus,  seem  to  be  closely  related  to  the 
Devonian  species  of  the  Eifel. 

Attention  is  arrested  by  such  species  here  figured  as  Dalmanites 
regalisy  in  which  the  front  border  is  ornamented  with  a  symmetrical 
denticulation,  consisting  of  distinct,  subquadrate,  tooth-like  processes, 
resembling  the  cog-wheels  of  a  clock.  These  are  shown  in 
Dalmanites  .^eria  to  have  united  one  to  the  other  along  the  outer 
margin,  leaving  hollows  between  their  bases.  Such  a  structure  is 
Reen  also  in  TrinucteuSy  as  figured  and  explained  by  the  late  J.  W. 
Salter  and  Dr.  H.  Woodward. 

Some  of  the  figures  given  of  JETomalonotus,  Dalmanites^  and  Lichas 
admirably  convey  the  idea  of  the  great  size  attained  by  several  of 
the  species,  and  of  the  rich  and  grotesque  ornamentation  frequently 
present. 
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Three  plates  and  ten  pages  of  description  are  given  to  the 
LimulidfB  and  EurypteridsB.  The  former  has  but  a  poor  repre- 
sentative (Frotolimulua  Eriensis).  Of  the  latter,  Stylanwnu  excd$iory 
known  by  a  perfect  head-shield  and  portions  of  its  maxillipeds,  was 
a  veritable  giant  among  Devonian  Crustacea,  and  is  well  figured  in 
two  large  plates.  Other  smaller  Eurypterids  are  described  and  figured. 
The  Equisetides  Wrightianus  is  here  referred  to  Siiflanurus ;  for  that 
genus,  however,  the  three  body-segments  preserved  appear  to  be 
too  slender  and  cylindrical  (see  Geol.  Mag.  1884:,  p.  395).  We  maj 
venture  also  to  suggest  that  JEurypterus  Beecheri,  with  its  long  slender 
swimmjng  feet,  may  really  belong  to  the  genus  Stylonunu  (see  Gbol 
Mag.  1888,  p.  420). 

Under  the  Phyllocarida  are  given — (1)  The  CeratiocaridsB,  with 
Ceratiocaris  (3  species),  jScAtnocarta  ( 7 species),  jS'Zymocaria  (2  species), 
Tropidocaris  (3  species)  ;  (2)  the  PinocaridsB,  with  Meaothyra 
(4  species),  Diihyrocaris  (1  species);  (3)  the  Bhinocaridse,  with 
Bhinocaris  (2  species)  ;  the  Discinocaridss,  with  Spathiocant 
(1  species),  and  Dipierocaris  (3  species).  Under  the  Phtllopoda 
we  find  Esiheria  luid  Schizodiscus,  of  the  Limnadiadao,  each  with  one 
species. 

Of  the  species  here  described  ten  have  been  already  published  by 
Mr.  J.  M.  Clarke,  and  he  now  adds  seven  new  species.  The  genera 
Idesothyra,  BhinocariSf  and  Schizodisctu  are  also  newly  proposed  by 
Mr.  Clarke.  Of  the  other  Phyllocarids  most  have  been  described  by 
Messrs.  Whitfield  and  Beecher.  These  interesting,  but  little-known, 
Devonian  Phyllocarids  are  here  conveniently  brought  together  in 
eight  excellent  plates,  with  forty-8even  pages  of  description. 

Before  leaving  the  Crustacea,  we  find  twelve  pages  and  one  plate 
devoted  to  the  Devonian  Cirripedia  of  the  district  under  notice. 
The  most  remarkable  forms  here  described  belong  to  the  Balanidas, 
a  division  of  the  group  not  heretofore  noticed  in  strata  earlier  than 
the  Chalk  formation  in  England,  and  the  Carboniferous  of  Saxony. 
Two  forms  of  these  sessile  Cirripeds  (Protobalantis,  Whitfield,  and 
Palcpocreusa,  Clarke)  are  figured  and  described.  The  latter  is  found 
imbedded  in  Favoaites,  just  as  similar  living  forms  are  parasitic  in 
Corals. 

A  new  genus  of  Lepadidae  {Strohilepisy  J.M.C.),  characterized  by 
spinous  and  delicately  punctate  valves,  is  figured  and  described; 
also  eight  species  of  Turrilepas,  founded  on  detached  valves.  There 
may  be  a  doubt  as  to  the  specific  distinctness  of  some  of  these  latter, 
seeing  that  in  the  groups  of  Lepadidal  valves  found  together  in 
England  several  rows  of  diflferently  shaped  valves  are  associated  in 
the  test  of  one  individual.  Mr.  Clarke  has  evidently  noticed  this 
condition  to  a  considerable  extent  in  the  American  forms  among  the 
detached  valves. 

The  Supplement  of  Vol.  V.  follows  the  above-mentioned  ToL 
VIL,  with  an  account  of  various  Silurian  Pteropods,  Annelids, 
and  Cephalopods.  TentacnWes,  Hyolithes,  Styliola^  Coleolus,  and 
JPhareteila,  as  Pteropoda,  take  3  pages  and  1  plate.  The  Tubioolar 
Annelids,  with  15  pages  and  three  plates,  are  all  grouped  as  Corn\diU$. 
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One  of  tlie  plate?  especially  gives  the  development  of  the  Cornulite$ 
of  the  Hudson-Biver  group  in  various  stages  of  growth. 

In  thirteen  fine  plates  and  sixteen  pages  of  text  several  species  of 
Orthoceras,  OomphoceraSy  Cyrtoceras,  Oyroceras,  Nautilus,  and  Ooni- 
atites  from  the  PalsEsozoic  rocks  of  North  America,  are  well  treated  as 
part  of  the  Supplement  to  Vol.  V. 

In  the  Preface  Prof.  Hall  briefly  gives  the  history  of  the  volume 
before  us,  and  of  the  material  and  plates  still  remaining  on  hand  for 
want  of  funds  necessary  for  the  publication,  and  acknowledges  the 
liberality  of  many  friends  and  Institutions  in  having  lent  him 
specimens  for  study  and  comparison. 

In  the  Introduction  a  bibliographic  history,  a  classified  list,  and  a 
chronological  or  stratigraphical  distribution  of  the  Devonian  Trilo- 
bites  and  other  Crustacea  of  North  America  are  concisely  given.  A 
synopsis  of  the  genera,  with  synonyms  and  sketches  of  types,  form  a 
very  useful  part  of  the  Introduction.  Our  readers  will  thus  see  that 
Geologists,  both  at  home  and  abroad,  will  greatly  profit  by  the 
labours  of  Prof.  Hall  and  Mr.  Clarke  in  the  Albany  Museum  ;  and  it 
is  hoped  that  the  State  of  New  York  will  be  able  to  make  the 
requisite  appropriations  for  the  furtherance  of  Prof.  Hall's  earnest 
desire  to  work  out  a  complete  exposition  of  the  Fossils  of  the  State, 
and  to  finish  the  revision  of  such  as  in  his  opinion  require  renewed 
criticism. 

II. — Db.  Anton  Fritsoh  on  Ctbsodus  and  other  Paubozoio 

DiPNOAN  Fishes.^ 

DB.  FBITSCH'S  great  work  upon  the  Permian  Vertebrata  of 
Bohemia  has  now  progressed  as  far  as  the  fishes,  and  the  new 
part  just  issued  treats  of  the  interesting  Dipnoan  genus  Ctenodus, 
As  in  the  previous  parts,  devoted  to  higher  Vertebrates,  the  text  is 
accompanied  by  numerous  woodcuts,  in  addition  to  the  beautifully 
executed  plates ;  and  every  known  fossil  throwing  light  upon  the 
subject  is  amply  discussed,  no  less  than  ten  of  the  figures  represent- 
ing specimens  that  are  not  Bohemian,  and  six  being  devoted  to 
important  features  in  the  skeletal  anatomy  of  the  living  Ceralodus, 

The  Professor  commences  by  emphasizing  the  intimate  relation- 
ship existing  between  the  genera  Ctenodus  and  CeratoduSy  and  con- 
tinues the  introductory  remarks  by  some  brief  reference  to  Mega- 
pleuron,  Conehopoma,  and  PhaneropleuroUy  which  he  also  considers  to 
be  close  allies.  An  examination  of  the  type-specimen  of  Megapleuron 
has  convinced  Dr.  Fritsch  that  its  supposed  rhombic  scales  are  truly 
those  of  a  Palaeoniscid  mingled  with  the  skeleton — a  conclusion 
which  the  writer  of  this  notice  has  also  been  able  to  confirm ;  and 
doubts  are  expressed  as  to  whether  Ener  may  not  have  been  misled 
by  a  similar  accident,  when  he  assigned  rhombic  scales  to  ConchO' 
poma,  llie  latter  is  a  more  uncertain  case ;  the  scales  of  Conehopoma 
are  small,  thin,  and  striated ;  and  the  suggestion  that  the  teeth  of 

*  Anton  Fritsch.  "  Fauna  der  Gaskohle  und  der  Kalksteine  der  Permformation 
Bohmens,"  Band  ii.  Heft  3  (**  Die  Lurchfische,  Dipnoi,  nebst  Bemerkungen  iiber 
siluriflche  and  deyonische  Lurchfische  "},  pp.  66—92,  plB.  71 — bO.    (Prag,  1888.) 
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this  genus  may  eTentnsllT  proTe  to  be  so  arrmnged  as  to  appear  ths 
bomologues  of  the  dental  cusps  of  CUModw9  itAertmlmtu  bas  slao 
still  to  be  substantiated  by  future  disooTeriea. 

CtenoduM  is  defined  as  "a  Dipnoan  of  Ceraiodus-like  structura 
Dental  plates  with  many  notched  ridgea.  Dermal  bones  of  tiM 
bead  more  numerous  than  in  Ceratodm^.  The  byoid  and  tbe  entiii 
skull  more  elongated  tban  in  Ceraiodiu*     Tbe  akeleton  more  com- 

{>]e1e]y  ossified  tban  in  Ceratodws,  but  otberwise  agreeing  with  the 
atter  in  detail.  Scales  large,  thin,  of  elongated  quadrangular  fonn, 
bearing  traces  of  fine  rows  of  denticles;  witb  Taaciilar  grooreson 
tbe  under  side.**  All  the  portions  of  tbe  skeleton  are  then  deiMribed 
under  the  beading  of  Clemodus  obiifmu^  Hancock  and  Atthej,  it 
being  quite  impossible  to  separate  the  bonea  of  a  second  species  (C 
applanatuif  Fritach)  that  also  occurs  at  Kounova.  Tbe  more  im- 
portant fossils  were  obtained  from  the  pyritona  ahales  in  tbe  latter 
locality ;  and  it  is  disappointing  to  read  that  Dr.  Fritsch's  admirable 
galvanoplast  reproductions  of  the  Stegooephalians  met  with  so  few 
purchasers,  that  it  has  been  deemed  impracticable  to  secure  perma- 
nent copies  of  these  new  destructible  Ichthyolites  by  tbe  same  costly 
process. 

In  the  skull  of  Cienodnt  there  are  several  ossifications  in  parts 
that  remain  permanently  cartilaginous  in  CeratoduMx  and  many 
interesting  comparisons  are  made.  A  bone  that  was  formerly 
described  as  the  pelvis  of  a  Stegocephalian,  is  now  recognized  as 
tlie  squamosal  of  Cienodns,  The  cranial  roof  bones  appear  to  defy 
all  attempts  at  definite  nomenclature;  and  there  is  no  distinct 
evidence  of  ossified  maxillae  and  premaxillaa.  Tbe  opercular  bones, 
with  the  exception  of  the  operculum  itself,  are  also  not  yet  capable 
of  certain  determination.  With  regard  to  the  mandible.  Dr.  Fritsch 
identifies  a  small  fossil  with  the  thin  plate  described  by  Huxley 
in  Ceratodu9  as  the  deiitary  element ;  and  a  figure  is  given  to  illus- 
trate the  insignificant  dimensions  of  this  bone,  and  the  importance  of 
its  claims  to  recognition  as  a  peculiar  **  dermomental  "  element 
Tlie  small  development  of  the  dentary  bone,  however,  in  certain 
Mesozoic  Ganoids  with  crushing  teeth  (e.g.  Pycnodonts  and  £elon<h 
stomus),  seems  to  render  the  original  determination  quite  as  plausible 
as  that  now  suggested  by  Dr.  Fritsch. 

Tbe  teeth  referred  to  C.  obliquu8  in  the  present  monograph  were 
at  first  made  known  by  Dr.  Fritsch  under  the  name  of  Ceratodui 
Barrandei ;  and  an  interesting  series  is  figured  to  show  the  changes 
that  appear  to  take  place  in  the  dentition  during  the  growth  of  the 
fish.  The  Professor  remarks  : — "  We  possess  a  series  of  the  teeth, 
from  11  to  54  mm.  in  length,  and  there  is  really  no  doubt  that  these 
belong  to  difieient  stages  in  the  life-history  of  a  single  species.  Thej 
are  two  and  a  half  times  as  long  as  broad,  and  the  number  of  notched 
ribs  varies  from  7  to  9.  The  most  anterior  seven  ribs  are  especially 
prominent,  but  the  eighth  and  ninth  are  at  times  indistinct,  and  then 
follow  two  or  three  small  tubercles,  which  represent  additional 
crimped  ribs.  The  ribs  decrease  in  length  backwards,  so  that  tbe 
seventh  is  only  half  as  long  as  the  first.     The  crimping  is  mostly 
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indistinct  on  the  first  rib,  and,  notwithstanding  the  difftirence  in  the 
length  of  the  ribs,  the  others  all  have  an  equal  number  of  outwardly 
directed  cusps.  The  smallest  examples  exhibit  five  cusps  on  each 
rib,  the  largest,  seven  to  nine.  In  very  old  teeth,  the  inner  orimpings 
become  indistinct.  With  increasing  age,  also,  the  dental  plate 
becomes  arched ;  while  the  smallest  young  teeth  are  comparatively 
flat,  the  largest  old  examples  appear  arched  above,  as  shown  by  a 
comparison  of  the  profile  figures.  The  small  dental  plates  corre- 
spond to  those  that  have  been  named  C.  elegana,  H.  and  Atth.,  in 
England ;  the  large  ones  agree  with  C.  ohliquuB,  H.  and  Atth."  No 
vomerine  teeth  have  hitherto  been  detected  in  Bohemia,  and  figures 
only  of  an  English  specimen  are  thus  given.  Some  remarks  are 
made  upon  the  microsoopical  structure  of  the  teeth,  with  illustrative 
drawings  of  sections ;  and  it  is  pointed  out  that  in  the  vasodentine 
of  CtenoduB  the  vessels  are  more  branched  and  anastomosing  than 
in  Ceratodfis, 

Proceeding  to  a  discussion  of  the  axial  skeleton  of  the  trunk,  Dr. 
Fritsch  considers  that  there  is  evidence  again  of  an  extremely  doso 
approximation  to  Ceraiodus.  The  notochord  seems  to  have  been 
persistent,  with  slight  ossifications  in  the  sheath ;  and  the  first  rib 
ifl  considered  to  have  been  relatively  very  stout,  as  inf  the  existing 
genus.  Many  of  the  ribs  show  traces  of  having  been  broken  and 
repaired  during  life. 

The  brief  sections  upon  the  appendicular  skeleton  bear  witness 
once  more  to  the  laborious  and  exhaustive  character  of  the  investi- 
gations made  by  Dr.  Fritsch  in  regard  to  the  most  unpromising 
fragments.  None  but  isolated  bones  of  the  limbs  and  their  support- 
ing arches  have  hitherto  been  discovered ;  but  an  attempt  is  made 
to  restore  the  pectoral  arch — consisting  of  a  greater  number  of 
elements  than  that  of  Ceraiodus ;  and  again,  attention  is  directed 
to  the  high  degree  of  ossification  of  all  the  parts. 

The  last  plate  is  devoted  to  an  interesting  comparison  of  the 
scales  with  those  of  Ceratodus.  The  outer  side  of  each  scale 
"  appears  smooth  in  the  middle,  and  is  only  seen  to  be  rugose  when 
highly  magnified.  The  border  exhibits  concentric  lines  of  growth, 
of  varying  width,  parallel  to  the  margin.  Across  these  extend  small 
parallel  ridges,  on  the  middle  of  which  are  rows  of  minute  pits, 
apparently  indicating  the  spots  that  originally  supported  denticles." 
Another  noteworthy  feature  is  the  forked  appearance  of  the  sensory 
canal  upon  a  detached  scale  of  the  lateral  line — a  condition  unknown 
in  Ceratodus. 

As  the  result  of  his  researches,  Dr.  Fritsch  considers  that  the 
Bohemian  examples  of  Ctenodus  ohliquus  must  have  attained  a  length 
of  about  140  centimetres.  "The  greater  number  of  the  dermal 
bones  in  the  skull,  added  especially  to  the  stronger  ossification  of 
the  entire  skeleton  than  in  the  cctse  in  Ceratodus^  parallels  what  we 
have  observed  among  the  Permian  Amphibia,  which  also  have  the 
skull  better  armoured  than  their  now  living  allies." 

Ctenodus  applanatus,  Fritsch,  is  defined  as  having  flattened  upper 
teeth,  only  twice  as  long  as  broad,  with  sharp  but  scarcely  crenated 
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ridges ;  and  a  new  species,  C.  traehylepiB,  is  founded  upon  detadiri 
scales  from  Nyfan. 

The  concluding  section  of  the  Monc^raph  relates  to  some  frag- 
mentary evidence  of  Dipnoan  fishes  from  the  Silurian  and  DeTonian 
formations.  A  new  genus  and  species,  Dipnoites  Permerij  is  indicated 
by  a  supposed  head-bone  from  the  Upper  Silorian  (Stage  G.  3)  of 
the  neighbourhood  of  Prague.  A  new  and  more  satisfactory  fignra 
of  the  type-specimen  of  GompholepU  Pandert,  Barrande,  is  next 
given ;  and  this,  too,  is  regarded  as  a  dermal  bone  of  the  oranitl 
roof  of  a  Dipnoan — an  interesting  bone  of  Ctenodus  being  figured  for 
comparison.  Dr.  Fritsch  adopts  Traquair's  determination  of  tbe 
Dipnoan  character  of  Palatdaphu8t  and  claims  to  have  arrived  at  the 
conclusion  independently ;  he  then  adds  a  new  fignre  of  Phyllolept 
eoncentricus,  Agass.,  considering  this  fossil  as  probably  the  head- 
bone  of  a  closely -allied  fish ;  and  Archaonecies  perlusus,  H.  voa 
l^Ieyer,  and  Holodus  Kiprij'anavi,  Pander,  are  finally  briefly  noticed, 
the  type-specimen  of  the  former  being  regarded  as  tbe  bony  portion 
of  the  palate,  wanting  the  teeth. 

Dr.  Fritsch  appends  a  synopsis  of  the  literature  of  the  subject  (in 
which  we  miss  a  reference  to  two  important  papers  by  W.  J.  Barka», 
in  the  Proc.  Roy.  Soc.  N.  S.  Wales,  1876-7) ;  and  a  list  of  the  known 
genera  of  Palaeozoic  Dipnoan  Fishes  is  given  as  follows : — 

Silurian. — Gotnpholepity  Boirande,  Dipnoites,  Fritsch. 

DEvoyiAS.-'Faladaphut,  Van  Beneden  and  de  Eoninck;  PhyUolepit^  Agasdz; 
Arehaotieeten^  H.  Ton  Meyer;  Holodut,  Pander;  CdncAodutf  McCor; 
Mylottomay  Newberry. 

Carbomiferous  and  Permian. — MegapUnnm^GKO!^ ;  Cnmpyl&pleuron,  Hoxlej; 
Ooftehopomay  Kner ;  Phaneroplewon,  Huxley ;  Ctenodtu,  Agassiz ;  Ptyonodiu, 
Cope ;  Gnathorhiza,  Cope. 

The  genus  Strigtiina,  Cope,  is  also  added,  but  we  would  remark 
that  that  has  already  proved  to  be  founded  upon  a  tooth  of  Janassa, 

It  is  fortunate  for  Vertebrate  Palaeontology  that  the  Bohemiaa 
fossils  have  fallen  into  the  hands  of  so  painstaking  an  investigator  as 
Dr.  Fritsch  ;  and  we  eagerW  await  the  appearance  of  the  remaining 
parts  of  this  great  work,  which  will  treat  of  ichthjolites  of  a  still 
more  satisfactory  character  than  those  now  described  under  Ctenodus, 

A.  S.  W. 

The  International  Geological  Congress. 

Earely,  if  ever,  has  so  large  a  number  of  distinguished  geologists 
been  drawn  together  as  were  assembled  in  the  University  of  Loudon 
on  the  opening  of  the  fourth  session  of  the  International  Geological 
Congress  on  the  17th  of  September,  The  presidential  address  by 
Professor  Prestwich,  delivered  in  faultless  French,  traced  in  brief 
the  history  of  the  Congress  and  forecast  its  future  work.  After  tbe 
delivery  of  this  address  in  the  theatre  of  the  University,  the 
members  were  received  by  Prof,  and  Mrs.  Prestwich  in  the  Library, 
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which  had  heen  trans  formed,  hy  the  exertions  of  Dr.  Hinde  and 
a  few  fellow-workers,  into  a  temporary  geological  museum.  This 
museum  remained  open  during  the  week,  and  proved  a  permanent 
oentre  of  attraction,  while  its  value  was  increased  hy  the  publication 
of  an  excellent  Catalogue,  copies  of  which  were  distributed  among 
ttie  members. 

On  Tuesilay  morning  the  discussions  were  centred  on  the  classifi- 
cation of  the  Cambro-Silurian  strata.  The  general  opinion  was 
decidedly  in  favour  of  recognizing  three  divisions.  Mr.  Marr  sug- 
gested that  the  three  groups  should  be  united  under  the  name  of 
Barrandian,  Dr.  Hicks  and  some  other  speakers  advocated  the  use 
of  Prof.  Lap  worth's  term  Ordovician  for  the  group  of  strata  inter- 
mediate between  the  Cambrian  and  Silurian ;  but  this  compromise, 
though  offered  in  a  spirit  of  conciliation,  was  not  generally  accepted. 
No  votes  were  taken  at  this  or  at  any  other  meeting,  but  the  dis- 
oussions  were  nevertheless  of  value  in  that  they  served  to  elicit  the 
filling  of  the  principal  members.  The  method  of  voting  followed 
at  previous  meetings  has  been  revised,  so  as  to  avoid  in  future  any 
undue  advantage  being  enjoyed  by  the  country  in  which  the 
Congress  is  assembled. 

The  sittings  on  Wednesday  and  Thursday  mornings  were  occupied 
mainly  with  the  discussion  of  questions  bearing  on  the  nature  and 
origin  of  the  crystalline  schists.  A  number  of  valuable  contribu- 
tions from  foreign  geologists  had  been  printed  in  advance  and 
circulated  among  the  members  ;  but  in  compliment  to  our  guests  the 
views  of  British  geologists  were  excluded  from  this  volume.  A 
paper  by  Dr.  Reusch,  dealing  with  the  crystalline  schists  of  Norway, 
was  received  too  late  for  insertion,  but  will  appear  in  the  final 
Beport. 

One  of  the  most  useful  efforta  of  the  Congress  is  directed  to  the 
preparation  of  an  International  Geological  Map  of  Europe  on  a 
scale  of  1 :  1,500,000.  M.  Hauchecome  submitted  to  the  meeting 
specimens  of  the  first  sheet  of  this  map.  It  had  been  printed  at 
Berlin  in  the  colours  recommended  by  the  Map  Committee  of  the 
Congress,  the  general  principle  followed  in  the  colouring  being  that 
the  older  the  formation,,  the  deeper  is  the  colour.  The  effect  of  the 
map  was  eminently  satisfactory,  and  though  some  of  the  colours 
differ  widely  from  those  employed  for  corresponding  formations  in 
this  country,  it  received  general  commendation. 

Excursions  were  organized  during  the  week  to  Crayford  under 
Mr.  Whitaker,  and  to  Windsor  with  Mr.  Drew  and  Dr.  Carpenter. 
Visits  were  made  to  both  sections  of  the  British  Museum,  one  under 
the  direction  of  Mr.  Franks,  the  other  under  Prof.  Flower;  and  to 
Kew  Gardens  with  Mr.  Thiselton  Dyer.  In  the  evenings  receptions 
of  a  brilliant  character  were  held  by  the  Director-General  of  the 
(Geological  Survey  and  by  the  President  of  the  Geological  Society. 

On  the  conclusion  of  the  week's  work  the  members  dispersed  in 
various  directions,  most  of  them  taking  part  in  excursions  which 
had  been  organized,  under  competent  leaders,  to  North  Wales,  East 
and  West  Yorkshire,  East-Anglia,  and  the  Isle  of  Wight     The  Ex- 
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oureion  Gnide-book,  edited  by  Mr.  Topley,  formed  a  thick  volame 
illustrated  by  coloured  maps  and  by  numerous  sections.  It  is  to  he 
regretted  that  the  cost  of  printing  the  literature,  which  was  freely 
diHtributed,  and  other  expenses  incidental  to  the  meeting,  have  been 
heavier  than  was  anticipated,  and  it  remains  to  be  determined  bow 
the  cost  of  issoiug  the  final  Report  is  to  be  met. 


OCCURRENCE  OF  A  TOOTH  OF  THE  BLUE  SHARK   {CARCBARIAS 
OLAUCUS)  IN  THE  BRICK-EARTH  OF  CEAYFOBD,  KENT. 

Sir, — I  have  lately  received  from  a  member  of  the  Geologistf' 
AsAQciation,  Mr.  Henry  £.  Jones,  of  Ealing,  an  interesting  Selachian 
tooth  from  the  Thames  Brick-earth  at  Crayford,  Kent.  The  specimen 
was  discovered  by  Mr.  Jones  himself  in  the  well-known  pit  from 
which  the  numerous  Mammalian  remains  are  obtained  :  and  its 
mineral  condition  is  such  as  to  leave  no  donbt  that  it  is  a  trne 
Pleistocene  fossil.  The  tooth  may  be  assigned  without  much  hesita- 
tion to  the  symphysial  region  of  the  lower  jaw  of  an  adult  Blae 
Shark  ( Carcharias  glaucfts),  about  8ft.  in  length ;  and  the  fact  that 
it  is  merely  a  hollow  germ,  and  yet  unbroken,  shows  that  it  cannot 
have  been  subjected  to  much  rough  usage  before  entombment 
Many  of  the  Selachian  remains  of  Pliocene  deposits  are  pnictically 
indi8tinguishable  from  the  corresponding  parts  of  living  species  still 
inhabiting  the  Northern  Hemisphere  ;  and  it  is  natural  to  expect 
that  similar  forms  will  be  found  in  beds  of  Pleistocene  age.  At 
present,  however,  we  are  only  acquainted  with  evidence  of  Golem 
cams,  Acamhtas  vulgaris^  Roja  hatu^  and  Uaja  clavata,  described  by 
Mr.  E.  T.  Newton  from  the  Forest  Bed  Series  of  Norfolk  ;  and  the 
new  Crayford  discovery  is  still  more  interesting  on  account  of  the 
distance  of  the  locality  from  the  existing  coast-line. 

Arthur  Smith  Woodward. 


3ij:iscEXiii.A.3srEO"crs. 


We  learn  that  Professor  J.  W.  Spencer,  M.A.,  Ph.D.,  F.G.S.  (late 
of  the  University  of  Missouri),  who  has  contributed  several  papers 
to  this  Journal  upon  Glacial  phenomena  in  Europe  and  America,  haa 
recently  been  called  to  the  Chair  of  Geology  in  the  University  of 
Georgia,  Athens,  Georgia,  U.S.A. 


Erratum. — In    the  October  Number  on  page  434,  line  27  from 
top  of  page,  for  "  cxopodite"  read  cnrfopodite." 
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I. — NOTK  ON   THE  OBBITOn)i.L  LiHESTONK   OT  NOBTH   BoBNKO. 

Bj  A.  Yavohan  Jexninos,  F.L.S  , 

Assistant  in  the  Geological  Department  Normal  School  of  Science  and  Boyal  School 

of  Mines. 

(PLATE  XIV.) 

ri^HE  specimens  which  form  the  subject  of  the  present  note  were 
X  brought  to  England  by  Mr.  H.  T.  Burls,  A.E.S.M.,  F.G.S., 
late  Geologist  to  Bajah  Brooke,  of  Borneo. 

It  was  Mr.  Burls's  intention  to  communicate  to  the  Oeolooioal 
Magazine  the  results  of  his  observations  in  North  Borneo,  and  in 
this  connection  I  undertook  the  examination  of  the  limestone  with 
a  view  to  obtaining  evidence  as  to  its  age.  On  his  departure  for 
South  Africa,  Mr.  Burls  left  the  specimens  at  the  Science  Schools, 
asking  me  to  make  what  I  could  out  of  them  without  stratigraphical 
details. 

Under  these  circumstances  the  present  communication  has  only 
the  value  of  adding  a  few  particulars  to  our  knowledge  of  one  of 
those  limestones  in  the  Dutch  East  Indies  which  have  been  loosely 
grouped  together  as  Nuromulitic. 

The  rock  is  a  hard,  compact,  partly  crystalline  limestone,  with 
specks  of  iron  oxide  and  thin  streaks  of  calcite,  showing  little  trace 
of  organic  structure  on  a  freshly  broken  surface,  and  altogether  one 
that  from  its  physical  characters  might  readily  be  supposed  to  come 
from  a  formation  of  much  earlier  date. 

Two  specimens,  which  I  understand  to  be  from  Silungen  in  Soubis, 
are  of  a  brown  colour,  and  dififer  from  the  others  in  the  species  of 
Orbitoides  that  form  their  chief  organic  constituent 

The  remainder  from  Batu  Gading,  a  locality  considerably  further 
inland,  to  the  south,  are  pale  grey  in  colour,  and,  where  partly 
polished  by  the  action  of  running  water  (having  been  collected  in  a 
stream-bed),  show  sections  of  thin  Orbitoides  discs  in  gi*eat  numbers. 

Under  the  microscope  both  rocks  are  seen  to  consist  of  a  granular 
calcareous  ground-mass,  in  which  numerous  more  or  less  perfect 
organic  remains,  chiefly  of  Foraminifera,  are  embedded  (PL  XIV. 
Fig.  2).  These  and  the  cracks  and  interspaces  of  the  rock  are  filled 
in  with  crystalline  calcite. 

After  boiling  in  acid  an  insoluble  residue  is  left,  consisting  of  fine 
argillaceous  material,  with  a  considerable  number  of  minute  quartz 
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crystals.     The  only  organic  body  observed  in  the  leeidue  was  t 
fragment  of  a  hexactinellid  sponge. 

The  Foraminifera,  so  far  as  they  can  be  identified  with  any  cer- 
tainty in  section,  are  Miliola,  Nodosaria,  Texttdaria^  Globigerina, 
Amphistegina,  Meterostegina,  and  Orbitoides,  The  naming  of  Forami- 
nifera  which  lie  in  a  bard  rock  at  all  angles  to  the  plane  of 
section  is  unsatisfactory  work  at  best,  and  I  mast  trast  to  the  aooom- 
panying  figures  to  justify  my  identifications  (see  Plate  XIV.). 

Ihe  difficulty  is  still  greater  in  the  discrimination  of  species  of 
OrhiioideSt  and  in  this  case  I  have  attempted  determination  only  in 
the  case  of  approximately  median  sections.  Moreover,  the  study  of 
this  genus,  comparatively  simple  in  the  days  when  only  two  typei 
were  recognized,  has  become  a  matter  of  considerable  trouble  sboe 
the  researches  of  Dr.  Giimbel  ^  have  raised  the  number  of  species  to 
over  twenty,  necessitating  in  his  opinion  the  establishment  of  fife 
subgenera. 

Obbitoidis  fbom  N.  Borneo. 

0.  (Discocyclina)  papyracea,  Boubee,  sp.,*  PL  XIV.  Fig.  5. 

Some  large  forms  occurring  in  the  Silungen  limestone  appear  to 
belong  to  this  widely  distributed  and  variable  species,  the  O.  Fortitii 
and  0.  Fratti  of  English  writers.  Dr.  H.  B.  Brady  '  has  recorded  it 
from  Sumatra,  and  it  is  common  in  the  Nummalitic  formation  of 
Scinde. 

0.  (DiscocycUna)  ephippium^  Sow.  sp.,*  PL  XFV.  Fig.  4a,  h. 
To  this  species,  which  has  a  similar  structure  to  that  of  O.  papyrauOy 
but  differs  from  it  in  its  saddle-shaped  curvature,  I  have  referred 
several  forms  in  the  Silungen  limestone.  They  are  larger  and 
thicker  than  those  figured  by  Giimbel  from  the  Alpine  Eocene,  and 
by  Dr.  K  .von  Fritsch  from  Borneo,*  but  not  more  so  than  the  original 
t^  pe.  In  the  several  examples  in  the  Borneo  limestone  the  symmetry 
of  the  curvature,  together  with  the  absence  of  intermediate  forms, 
prevents  one  from  regarding  them  sinjply  as  abnormally  grown 
individuals  of  0.  papyracea.  The  species  is  well  known  from  the 
Scinde  formation. 

0.  (Discocyclina)  dispansa,  Sow.  sp.,'  PL  XIV.  Fig.  6. 

Small  thick  lenticular  forms,  with  large  embryonic  chambers  and 
thick  colimins,  corresponding  to  a  marked  surface  tuberculation,  seem 
to  be  without  doubt  referable  to  this  species.  The  examples  are 
similar  in  shape  to  those  recorded  by  Dr.  Brady  from  Sumatra,'  while 
those  figured  by  Dr.  K.  von  Fritsch  from  Borneo  are  of  the  variety 
with  wider  disc.  The  species  is  also  common  in  the  Scinde  formation. 

1  Abh.  d.  k.  bayer.  Akad.  WiBsenschaft.,  Miinchen,  Bd.  x.  Abth    2    pp  &01- 
730,  Taf.  1-4  (4to.),  1868.  '     *  ^^ 

*  Bull  Soc.  G6ol.  France,  toI.  ii.  1832,  p.  445. 

>  Geol.  Mao.  Vol.  II.  1876,  p.  636,  Pi.  XIV.  Fig.  1. 

*  Trans.  Geol.  Soc.  ser.  2,  vol.  ▼.  1840,  Explan.  pi.  24,  fig.  15. 
»  PalflBontographica,  1878,  Supp.  iii. 

*  Op.  eit.  p.  327,  pi.  24,  figs.  15,  16. 
~  Oiu  M#.  p.  686,  pU  14,  fig.  2. 
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0.  {Discoeyclina)  applanata,  Qiimbel.,'  PI.  XIV.  Fig.  3a,  b,  e,  d. 

While  the  Silungen  limestone  contains  the  thicker,  more  lenticular 
forms  mentioned  above,  the  specimens  from  Batu  Gading  are  full  of 
a  thin,  discoid,  umbonate  species  apparently  the  0.  applanaia  of 
Giimbel.     In  yertical  section  they  are   seen   to  possess  a  median 

eane  of  rectangular  chambers,  and  only  three  or  four  layers  of 
teral  chambers  on  each  side,  except  at  the  central  umbo.  The  solid 
columns  are  not  prominent.  Numerous  horizontal  sections  evidently 
of  the  same  form  show  that  the  chambers  of  the  median  plane  are 
rectangular  and  narrow,  the  radial  measurement  offcen  four  times  the 
tangential.  This  character,  together  with  the  shape,  would  seem  to 
decide  its  position  in  this  species.  Giimbel  mentions  its  occurrence 
in  Scinde. 

O.  (AsteroeycUna)  stellata,  Giimbel.*  PI.  XIV.  Fig.  7. 

The  stellate  Orbiioides  included  by  Dr.  Giimbel  in  this  subgenus 
have  a  sufficiently  characteristic  appearance  when  cut  horizontally 
to  admit  of  recognition  even  in  a  rock  section.  One  of  them  occurs 
in  the  Batu  Gading  limestone,  and  is  apparently  a  young  form  of 
this  species. 

0.  {LepidocycUna)  Mantelli,  so  abundant  elsewhere,  does  not 
appear  to  be  present,  nor  any  of  the  Bhipidoeycline  species.  There 
are  several  small  thick  forms  of  the  size  of  0.  Sumatrensis,  Brady,' 
but  they  have  large  embryonic  chambers,  and  seem  to  be  young 
forms  of  other  species. 

Nummulitea  itself  seems  to  be  absent. 

« 

The  only  other  fossil  is  a  coral  in  the  Silungen  limestone,  which 
Prof.  P.  Martin  Duncan  has  kindly  examined,  and  refers  to  the  genus 
Stylophora  (PI.  XIV.  Fig.  1).  As  this  is  a  common  type  through- 
oat  the  Tertiary  rocks,  its  occurrence  is  of  little  stratigi'aphical  value. 

With  regard  to  the  age  of  the  Orbitoidal  limestone,  there  is  little 
to  be  said  until  more  is  known  of  its  position  and  stratigraphical 
relations. 

The  limestones  and  associated  beds  of  Java  have  been  doubtfully 
regarded  as  Eocene,  an  opinion  supported  by  the  resemblance  of 
their  Molluscan  fauna  to  that  of  the  older  European  Tertiaries. 
According  to  von  Bichthofen/  however,  the  associated  plant-remains 
pointed  distinctly  to  their  being  at  the  oldest  Miocene,  c^nd  this 
view  was  supported  by  the  discovery  that  what  had  been  taken  for 
Nummnlites  were  Orbitoides,  and  by  the  suggestion,  so  strongly 
enforced  by  Dr.  Duncan's  examination  of  the  Scindian  Corals,^  that 
parts  of  the  Indian  *  Nummulitic '  formation  were  probably  Miocene. 
It  is  worth  noticing  also  that  in  Sumatra*  the  Orbitoidal  limestone 
occurs  at  the  top  of  a  series  of  Tertiary  beds. 

»  Op.  eit.  p.  122,  pi.  3,  figa.  17,  18,  35,  36,  37. 

•  Op.  dt.  p.  136,  pi.  2,  fig.  116  ;  pi.  4,  figs.  4-7. 
>  Op.  eit.  p.  636.pl.  14,  fig.  3. 

«  See  H.  M.  Jenkins*  Summary,  Q.J.G.S.  vol.  xx.  1864,  pp.  62-72. 

•  See  Palieontologia  Indica,  ser.  xW.  vol.  i.  pt.  i.  Sind  Fossil  Corals,  1880,  pp.  3-14. 

•  Verbeek,  Gbol.  Mao.  1876,  p.  479. 
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The  speoimens  now  under  oonsideration  do  not  affect  tbe  question 
decidedly  either  way.  Tbe  fact  that  all  the  forms  mentioned  above 
occur  in  tbe  European  Eocene  would  appear  to  be  an  argument  in 
favour  of  tbe  Eocene  age  of  tbe  rock.  Tbe  Eocene  faoies  of  the 
Foraminiferal  fauna  may,  however,  be  due  to  that  eastward  migra- 
tion which  appears  to  have  taken  place,  and  which  may  account 
for  tbe  character  of  the  mollusca  in  strata  that  would  otherwise  be 
looked  upon  as  Miocene. 

Amphistegina  and  Heterostegina  are  rather  Miocene  than  Eocene 
genera,  and  in  an  Eocene  limestone  of  this  kind  one  would  expect  to 
find  Nummulites  associated  with  the  Orbitoides. 

Dr.  K.  von  Fritsch's  Patellina  (rochua  from  Borneo*  very  probably 
comes  from  beds  below  the  limestone,  and  in  its  form  and  size  it  seems 
identical  with  tbe  small  pointed  forms  occurring  in  the  Cretaceons 
of  Navarre.  Tbe  large  fossil  PatelHna  have  been  regarded  as  charac- 
teristic of  tbe  Cretaceous  and  Eocene,  but  they  undoubtedly  range 
above  tbe  Eocene,  and  specimens  in  tbe  Science  Schools  Collection 
from  the  Miocene  of  Jamaica  occur  associated  with  Orbitoideij 
Amphistegina,  and  Heterostegina. 

On  the  whole,  therefore,  though  tbe  species  of  Orhitoide$  are 
among  those  which  characterize  tbe  Eocene  rocks  in  Europe,  there 
is  good  reason  for  defending  tbe  suggestion  that  the  Orbitoidal  Lime- 
stone of  Borneo  may  be  of  a  later  date. 

Tbe  work  on  these  specimens  has  been  done  in  the  Geolc^cal 
Laboratory  of  the  Normal  School  of  Science  and  Royal  School  of 
Mines,  and  I  have  to  thank  Professor  Judd,  F.R.S.,  for  the  facilities 
afforded  me  in  the  preparation  of  sections,  etc. 

EXPLANATION  OF  PLATE  XIV. 

Figures  of  Orbitoidal  Limestone  of  North  Borneo. 

Stylophortty  sp.  X  20. 

Section  of  the  Limestone  of  the  Batu  Gading,  showing  MiJkh^ 
Nodotaria^  Textulariay  AmphisUgina,  Meterottegina^  and  Orhi' 
toides  applatmta,  Giimbel  x   12. 
0.  ( DiscocychnaJ  applatiata^  Giimbel. 
As  seen  in  the  water- polished  surface  of  rock. 
In  vertical  section  x  2. 

X  100. 


Fig.  1. 

Fig.  2. 

Fig.  3. 

a. 

*. 

e. 

d. 

Fig.  4. 

a. 

b. 

Fig.  5. 

Fig.  6. 

Fig.  7. 

11  It 

X    r^ 

0.  fDiseocyclinaJ  ephippium^  Sow.  sp. 
In  section  x   16. 

O.  fDiseocyclinaJ  papyraceOy  Boubee,  sp. 
0.  (DiscoeyclinaJ  dispama^  Sow.  sp. 
0.  (Asterocyclina)y  steilatUy  Giimbel, 

II. — On  thb  Genus  Ascockras,  Barrande. 
By  Professor  G.  Lindstrom,  of  Stockholm. 

THE  uppermost   limestone  stratum  of  Gotland,    which    occupies 
two-thirds  of    the  surface    of  this  island,  and  is   homotaxial 
with  the  English  Upper  Ludlow,  contains  such  numerous  fragments 
of  Cephalopoda,  t\\a\.  \\.  \ia^  \>^^xi  q,^^^  VW  d-^^shalopodan  Lime- 
stone.    Judging  Crotn  \.\ie>  co\\^ci\:\o\i  '\\i.  n^ci^  '^^^RKi^i^^'^k^^is^^ss^^ 

"^  Op.  cU.^.  \\^. 
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ment  of  the  Swedinh  State  Maaenm,  the  namber  of  species  of  Cepha- 
lopoda from  the  different  strata  of  Qotland  eon  hardly  fall  short  of 
200,  most  of  them  in  a  very  perfect  state  of  preserration,  some  even 
retaining  the  aurfaoe  ornamentation  and  colour.  Amongst  them  the 
genus  Aseoeerat  (tnoluding  OIomocbto*),  with  its  nine  Bpeoiea,  is  the 
most  remarkable.  As  the  Museum  has  snooeeded  in  obtaining 
specimens  showing  its  morphology  more  oompletely  than  haa 
hitherto  been  known,  a  few  remarks  on  it  may  be  made  in  advonoe 
of  a  monograph  now  in  preparation. 

The  annexed  figure  represent! 
a  longitudinal  section  of  a  speci- 
mea  from  the  uppermost  lime- 
stone. It  is  imperfeot  on  the 
ventral  side,  but  the  oharacteristio 
septa  along  the  dorsal  side  show 
distinoUy  that  it  is  on  Ateoetra». 
We  see  here  two  essentinlly 
different  parts  of  the  ibell :  firtt, 
a  lower  part  in  wbiob  two  entire 
air-ohambers  and  a  portion  of  a  third 
yet  remain,  which  are  fashioned, 
after  the  common  Nautilidean  type, 
l^e  second  or  upper  portion  in 
immediate  continuation  and  oon- 
nexion  with  the  former,  is  the 
Ateoeerat  properly  so  called.  The 
entire  shell  must  have  been  arcu- 
ate or  gently  curved,  like  some 
forms  of  Cyrtoeerat,  but  it  ia  doubt- 
ful if  complete  speoimens  ever 
existed,  since  several  examples 
clearly  show  that  the  older  parts 
of  the  shell  were,  at  certain  inter- 
vale, regularly  oast  off  or  decollated.  The  trLncafed  end  appears  in 
all  cases  to  have  been  strengthened  from  witbia  by  fresh  linings 
of  shelly  material,  and  the  animal  continued  to  seoret«  ita  shell  till 
the  A*eoeera*  portion  was  formed.  When  this  was  finished,  at 
least  exteriorly,  the  older  portions  of  the  shell  were  aa  a  rule, 
decollated,  and  hence  the  Ateoeerat  usually  occurs  by  itself  without 
the  early,  or  Nautilus  stage,  and  epecimens  like  that  figured  are 
extremely  rare,  and  in  fact,  only  a  few  examples  from  Gotland  have 
as  yet  been  discovered. 

This  strange  and  abnormal  Cepbalopod  thus  went  through  two 
sharply -defined  stages  during  its  growth,  the  first,  probably  of 
longest  duration,  the  Nautiliit,  and  the  second,  the  Aseoceras  at^e. 
Broken-off  stumpa  of  the  former  stage  have  been  found,  which  oan 
be  matched  to  five  of  the  nine  Gotland  species  of  Aseoceras.  They 
all  show  the  characteristic  peculiarities  of  a  narrow  thin  shell,  very 
gradually  iDcreasing  in  width,  oval  or  elliptical  iix  traTisvwMi  watvOTv, 
and  ornamented  by  oblique,  tronsverBQ  ftU\»,    '^'6\«&^-^tt»-'isicft"^ 
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is  extraordinarily  long,  the  intervalt  between  the  septa,  at  first  short 
and  irregular,  become  during  the  progress  of  the  growth,  unusually 
long.  The  siphunole  is  narrow  and  straight,  generally  situated  near 
the  ventral  surface.  The  decollation  is  oblique,  following  the  direc- 
tion of  the  septa. 

The  commencement  of  the  Aseoeeras  stage  is  partially  indicated 
by  the  increased  distance  between  the  septa.  Very  important 
changes  in  the  shape  of  the  animal,  and  probably  also  altered 
functions  must  have  supervened,  when  its  shell,  thus  rapidly,  as  it 
were,  developed  the  very  abnormal  Aseoceras  form.  The  septa  were 
pushed  up  along  the  dorsal,  and  greatly  depressed  along  the  ventral 
side,  where  also  the  cochleate  or  bullate  siphunole  is  placed.  In  do 
other  genus  of  the  Cephalopoda  are  such  aberrant  septa  developed. 
The  most  curious  feature  is  that,  with  the  exception  of  the  lowest  or 
oldest  one,  they  are  all  incomplete,  having  a  large  lacuna  in  their 
central  part  on  the  dorsal  side.  They  have  thus  been  secreted  only 
along  the  interior  wall  of  the  shell,  leaving  an  empty  space  between 
their  thin  linings.  Hence  the  different  aspect  they  present  in  many 
of  the  figures  in  various  publications.  Thus  they  are  continuous 
along  the  outside  of  a  cast  of  the  interior  (Barrande,  Gephalopodes, 
pi.  93,  fig.  1),  and  truncated,  discontinuous  and  resting  on  esch 
other  in  a  median,  longitudinal  section  (Barr.  Le.  pi.  93,  fig.  4). 

The  discovery  of  these  Qotland  specimens  of  Aseoceras  fully  con- 
firms the  views  of  Bronn,  expressed  in  1855,  at  a  time  when  neither 
he  nor  any  one  else  had  seen  perfect  specimens,  as  to  the  relationships 
of  this  genus.  Barrande  stated  that  Aacoeeras  possessed  only  a  single 
deciduous  chamber  below  the  "  lateral  chambers,"  and  he  r^arded 
the  genus  as  the  prototype  of  Nautilus,  Bronn,  on  the  other  hand, 
invited  by  Barrande  to  give  an  opinion  on  the  subject,  suggested  that 
if  Ascoceras,  at  an  early  stage,  threw  off  a  portion  of  its  growth, 
consisting  of  regular  air-chambers  with  a  siphunole,  then  "  Ortho- 
ceras  is  rather  to  be  designated  as  the  early  stage  of  Ascoceras" 
(Neues  Jahrbuch  fiir  Mineralogie,  etc.,  1855,  p.  283,  footnote  **®). 
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By  Prof.  T.  Rupbrt  Jones,*  F.R.S.,  etc 

Contents. 

1.  Ct/prig  cornigera^  sp.  nov.     "Woodcuts,  Fijrs.  la-1/,  p.  636. 

2.  Candona  ManUlli^  sp.  nov.     Woodcuts,  Figs.  2a,  3,  p.  536. 

3.  Cypridea  VaicUnais  (Fitton). 

4.  Cyprid€a  Dunkeri^  Jones. 

5.  Cypridea  apinigera  (Sow.). 

6.  Cypridea  Austeni^  Jones. 

7.  Darwinula  leguminella  (Forbes). 
H.  Cyprione  Bristoviiy  Jones. 

9.   M0tacypris  Fittoni  (Mantell). 

SOME  new  species  having  been  found  in  the  Isle  of  Wight  during 
the  lately  renewed  examination  of  its  geology  by  the  Geological 
Survey,  and  the  known  \^^e\^^\i  ^^^^^^^  <il  \.Wt  inland  not  having 
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been  hitherto  so  distinotly  indicated  as  might  be,  it  id  thought 
advisable  to  give  some  notes  on,  and  a  resume  of,  this  interesting 
series  of  fossil  species. 

1.  Cypris  ooBNiGKBi.,  sp.  nov.     Figs.  la-l/f  p.  636. 

Valves  suboblong ;  straight  on  the  dorsal ;  elliptically  rounded  on 
the  ventral  margin;  unequally  rounded  at  the  ends.  Bearing  a 
delicate  sharp  spine,  or  straight  horn,  at  the  front  end  of  the  dorsal 
line,  pointing  obliquely  upwards  (outwards  and  forwards).  The 
extremities  of  the  valves  differ  much  in  individuals,  according  to 
the  state  of  preservation,  and  possibly  according  to  sex.  The  front 
end  is  highest  (broadest),  and  often  boldly  rounded,  but  sometimes 
showing  a  slight  outward  and  downward  slope  at  its  upper  part, 
just  in  front  of  the  horn.  The  horn  is,  or  has  been,  present  on 
examples  of  both  right  and  left  valves,  but  it  has  very  often  been 
lost,  and  we  have  not  been  able  to  see  it  in  place  in  a  closed  carapace. 

The  highest  end,  that  which  bears  the  spine,  is  also  the  most 
oompressed  (Fig.  1/) ;  and  therefore  in  all  probability  is  the  anterior  ; 
and  hence  the  larger  valve,  overlapping  the  other  ventrally,  is  the 
left  (Fig.  le). 

The  anterior  and  posterior  margins  of  the  valves  are  slightly 
bevelled  on  the  inside.  The  hinge-line  is  simple.  The  surface  is 
smooth ;  but,  readily  dissolving  away,  both  inside  and  out,  into 
numerous  little  pits  with  rounded  mouths,  according  to  some 
structural  peculiarity,  the  valves  appear  to  be  coarsely  and  irre- 
gularly punctate  in  many  instances. 

This  species  occurs  in  two  specimens  of  dark-grey  shale,  marked 
No.  3685  and  No.  3688  (Geological  Survey),  from  Atherfield  Point, 
Isle  of  Wight  In  the  latter  piece  of  shale  it  was  associated  with 
Metacypria  Filtoni  and  a  Fish-bone. 

2.  Candona  Mantelli,  sp.  nov.      Figs.  2a,  26,  p.  536. 

In  a  light-grey  compact  shale  (No.  3791,  Geological  Survey), 
from  the  Weaiden  beds  between  Atherfield  Point  and  Shepherd's 
Chine,  there  are  on  the  bed-planes  many  Ostracoda  belonging  to 
Metacypris  FUtoni  (Mantell),  small ;  Cypridea  Bpinigera  (Sow.), 
young  individuals ;  Cypridea  tuherctdata  (Sow.) ;  Cypridea  Valdensis 
(Fitton)  ;  and  Candona  Mantelli,  sp.  nov. 

The  last  somewhat  resembles  Candona  Candida^  (Miiller),  and  is 
evidently  allied  both  to  that  species  and  to  C,  Phillipsiana,  Jones 
(Gbol.  Mao.  1878,  p.  108,  PI.  III.  Fig.  3),  but  the  latter  is  too  large, 
and  much  too  high  and  less  symmetrical.  In  the  form  before  us  the 
posterior  extremity  is  more  evenly  rounded  than  in  C.  Candida, 
and  the  anterior  is  not  so  high.  Of  the  new  species  the  right  valve 
figured  in  outline  (Fig.  2a)  is  the  largest  and  best  preserved  of  the 
many  specimens  on  the  shale. 

Subreniform,  broader  (that  is,  higher),  and  more  boldly  curved 
behind  than  in  front;  elliptically  arched  on  the  back,  slightly 
sinuous  on  the  ventral  margin.     Surface  smooth  and  very  delicately 

^  See  Gbol,  Mao.  1878,  p.  lO^t/ootnote. 
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punctate ;  almost  equally  convex,  but  sloping  more  rapidly  in  the 
dorsal  region ;  hence  the  edge- view  of  the  oarapaoe  would  be  lanceo- 
late, and  the  end-view  (Fig.  26)  acute-ovate.  The  ventral  maigin 
has  a  minutely-frilled  appearance,  which  is  lost,  however,  where  the 
edge  curves  inwards  at  the  middle. 

The  spots  marking  the  muscular  attachment  on  each  valve 
consist  of  four  oblique,  parallel,  but  rather  irregular,  rows  of  little 
oval  marks.  These  are  in  pairs,  which  unite  at  their  ends  in  three, 
but  remain  separate  in  one,  of  the  groups.  On  the  inside  of  the 
valve  the  spots  are  little  depressions;  on  the  outside  they  appear 
translucent.  The  pattern  is  more  like  that  of  CyprtB  {Cand<ma) 
repiaru  (fig,  7e,  pi.  1,  Monogr.  Tert.  Entom.),  than  that  of  Candona 
enndida ;  the  direction,  however,  of  the  rows  of  little  marks  is  ftt}m 
the  postero- dorsal  to  the  antero- ventral  region,  which  is  contrary  to 
the  usual  condition  for  muscle-spots  in  such  a  form  of  valve. 

As  this  Candona  differs  from  those  already  known,  I  propose  to 
name  it  after  my  old  friend  the  late  Dr.  G.  A.  Mantell,  one  of  the 
most  zealous  elucidators  of  the  geology  of  the  Isle  of  Wight,  and  of 
its  Wealden  strata  in  particular. 

2a. 


la. 


16. 


Ic.   /^ 


Id. 


1/ 


Ic. 


Ctjprxs 

eornigera^ 

Jones. 


23. 

(  Fio.   \a,  k  right  vaWe  of  a  young  indiyidral. 
\b.  K  right  Talve  of  medium  growth. 
Ic.  A  long  and  low  (narrow)  variety ;  right  valve. 
\d,  K  short  and  high  (broad)  variety  ;  left  valve. 
\e.  The  largest  specimen  ;  outline  of  left  valve. 
1/.  The  largest  specimen  ;  outline  of  edge- view  of  carapace. 
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Candona      j  p^^    ^a.  Outline  of  a  right  valve.     (Anterior  end  placed  upwards.) 
MmUeilt,     .  2b.  Outline  of  the  end  view  of  the  valve. 

Jones.       \ 

Magnified  20  diam.;  drawn  by  Mr.  C.  D.  Sherbom,  F.G.S. 

3.  Cypridba*  Valdensis  (Fitton). 
This  was  the   Cypris  /aba   of  Sowerby,  "Mineral  Conchology." 

^  This  genus  is  described  at  lar^e  in  the  Quart.  Joum.  Geol.  Soc.  vol.  ili.  188), 

L338,  Remarks  on  the  possible  alliance  existing  between  CypHdea  and  Chiamydotheet 
ve  been  made  bv  Dr.  G.  8.  Brady  in  the  **  Proceed.  ZooL  Soc."  1886,  p  90;  and 
ia  ttfct  "  Joum.  Lum.  Soc."  \ol.  lir.  1886,  ^j.  200,  201. 
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1824,  pi.  485,  pp.  186-8 ;  and  was  named  Cfypris  Valdensis  by  Dr. 
Fitton^  in  1836.  See  Gkol.  Mao.  1878,  p.  109  and  277,  PL  3, 
Fig.  11 ;  and  Quart.  Joum.  Geol.  Soo.  vol.  xli.  1885,  pp.  315-318, 
and  336-337.  It  is  of  very  general  occurrence  in  the  Wealden 
beds,'  especially  the  Weald  Clay,  and  notably  in  the  dark  and 
thinly-laminated  shales  at  Compton  Bay  in  the  Isle  of  Wight.  It 
occurs,  but  is  rare,  in  the  Purbeck  beds  of  Dorset. 

4.  Cypbidea  Dunkebi,  Jones. 

Cypridea  Ihmhiri,  Jones,  Quart.  Joum.  Geol.  Soc.  toI.  zli.  1885,  p.  339,  pi.  8, 
figs.  9,  10,  17. 

To  the  synonyms  mentioned  at  p.  339,  op,  cit,f  add : 

Cypridea  gronuloia  (Dunker),  Jones,  Geol.  Mao.  1878,  p.  110,  PL  III.  Fig.  16. 

This  species  is  rather  rare,  but  occurs  in  the  Weald  Clay  of  Grange 
Chine, — West  of  Brook  Point, — Brixton  Bay, — Atherfield, — and 
Sandown,  in  the  Isle  of  Wight.  It  is  rarer  elsewhere,  but  has  been 
found  in  the  Wadhurst  Clay  and  the  Netherfield  Limestone  of 
Sussex,  and  in  the  Upper  and  Middle  Purbeck  beds  of  Dorset. 

5.  Cypbtdea  spinigeba  (Sowerby). 

Cypris  apinigera^  Sowerbj,  in  Fitton's  Memoir  "  On  the  Strata  below  the  Chalk," 
Trans.  Geol.  Soc.  ser.  2,  vol.  ir.  1836,  p.  345,  pi.  21,  flg.  3.  Figored  also  by 
Hantell,  Lyell,  and  other  authors. 

Oypridea  spiniyera,  Jones,  in  Morris*8  Catal.  Brit.  Foss.  1854,  p.  104. 

Cytheridei$  unieomity  Jones,  MenL  Geol.  Surv.  Isle  of  Wight,  1856,  p.  158,  pi.  7, 
figs.  24-26 ;  Monogr.  Tert.  Entom.  1856,  p.  48. 

Cypridea  Valdeniit,  Bristow,  Mem.  Geol.  Surr.  Isle  of  Wight,  1862,  p.  4,  fig.  1. 

CytJurideU  unieomis^A>ne8,  Gbol.  Mag.  1870,  pp.  157,  158. 

Cypridea  spiniytra,  Jones,  Geol.  Mao.  1878,  p.  109. 

Jones,  Q.J.G.S.  vol  xli.  1885,  pp.  316,  333,  and  334. 

Jones  and  Sherbom,  Gbol.  Mao.  1887,  p.  386. 

In  the  Quart  Joum.  Geol.  Soc.  1885,  Cypridea  spinigera  was 
mentioned  as  being  common  in  the  upper  part  of  the  Weald  Clay  at 
Compton  Bay,  Atherfield,  and  Sandown  in  the  Isle  of  Wight,  and  as 
occurring  also  in  the  Wealden  beds,  but  more  rarely,  of  Sussex  and 
Surrey.  We  now  find  that  it  occurs  abundantly  in  the  Tertiary 
beds  of  Hamstead  Cliff  on  the  north  coast  of  the  Isle  of  Wight. 
Specimens  from  this  locality  were  described  and  figured  in  the  Geol. 
Surv.  Memoir  I.  of  W.  1856,  under  the  name  of  Cyihertdeis  unicornis, 
as  a  snbreniform  Ostracod,  sulcate  and  tuberculate  when  young,  but 
with  a  sharp  spine  on  each  valve  when  adult.  Careful  examination 
of  a  further  series  of  specimens  leaves  no  doubt  that  it  is  the  same 
Fpecies  as  that  so  plentiful  in  some  of  the  Wealden  strata.  The 
Tertiary  specimens  are  not  so  well  preserved  as  those  in  the  Wealden 
clays,  nor  are  they  so  abundant ;  but  many  perfect  specimens,  young 
and  adult,  can  be  readily  matched  from  the  two  formations.  The 
Tertiary  specimens  are  plentiful  in  a  crushed  state  on  the  laminsd 
of  a  dark-grey  marl  ("D  6,"  Geol.  Survey)  of  the  Lower  Hamstead 
series,  Hamstead  Cliff. 

Note. — This  species,  or  one  extremely  like  it,  has  turned  up  in  a 
specimen  given  to  me  by  the  late  Dr.  Mantell  as  coming  from  the 

'  Another  species  {Cypridea  Austenx)  was  figured  in  bis  memoir  instead  of  the  true 
Cypridea  Valdentie.     See  GsoL.  Mao.  1878,  p.  277. 
*  See  Q.J.Q.8.  1886,  pp.  333  and  334. 
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Oxford  Clay  of  the  Trowbridge  Bailway-cntting,  Wiltshire,  and  alao 
in  a  piece  of  the  Oxford  Clay  of  Skye,  oolleoted  by  Messrs.  Geiki^ 
and  Young,  and  there  associated  with  Estheria,  If  its  freshwater 
habitat  in  the  Hamstead  series  be  a  criterion^  and  if  these  other 
specimens  prove  trustworthy,  it  points  to  more  freshwater  or 
estuarine  conditions  in  the  Oxfoi^ian  Series  than  are  usoallj 
thought  of. 

6.  Cypridba  Austbni,  Jones. 

Cypru  VaUUtuii,  Fitton  Un  part).  Trans.  OeoL  Soc  ser.  2,  toL  It.  1836,  p.  204, 
etc.,  pi.  21,  fig.  1.    Copied  DTYarious  authors. 

Mantell,  Wonders  of  Geology,  7th  edit.  1867,  toI.  L  p.  419, 

lignogr.  104,  fig.  3. 

Lyell,  Elements  of  Geoloey,  6th  edit  1866,  p.  346,  fig.  841. 

Mantell,  GeoL  Kxcurs.  isle  of  Wight,  3id  edit.  1874,  p.  22J, 

lignogr.  25,  fig.  3. 

Cypridea  AutUni.  Jones,  Gbol.  Mao.  Dec.  II.  Vol.  Y.  1878,  pp.  109, 110,  277, 
PI.  III.  Fig.  8. 

This  ohlong  Cypridea  was  figured  hy  Fitton  instead  of  the  real 
ovate  C.  Valdensis,  and  it  has  been  often  copied  for  the  latter.  The 
figures  in  Mantell's  works  quoted  above  are  given  by  him  as  repre- 
senting specimens  from  the  Wealden  beds  at  Brook  Bay,  Isle  of 
Wight.  As  such  they  may  be  noticed  here,  although  possibly  C, 
Valdensis  may  have  been  really  intended,  and  the  figure  copied  from 
Fitton  by  mistake. 

In  the  same  lignograph  Mantell  gave  a  figure  of  Cypridea  tpimgera 
(after  Sowerby's  drawing),  as  having  also  been  got  from  Brook  Bay. 
He  also  copied  his  fig.  2  from  Sowerby's  fig.  4  in  Fitton's  Memoir, 
namely,  Cypridea  granulosa  (Sow.),  the  same  as  Cypridea  fa§eiadata 
(Forbes),  as  an  Isle-of- Wight  specimen ;  but  that  was  certainly  an 
error,  for  that  species  occurs  only  in  the  Middle  Purbeck  beds.  See 
Q  J.G.S.  vol.  xli.  pp.  340-342. 

Cypridea  Austeni  has  been  found  at  Peaseworth,  in  Surrey,  and  at 
Shotover,  near  Oxford. 

7.  Darwinula  leguminella  (Forbes). 

Quart.  Journ.  Geol.  Soc.  vol.  xli.  1885,  pp.  332,  333,  346,  pi.  8,  figs.  30  and  81. 

This  little  Ostracod  occurs  in  the  Weald  Clay  at  Atherfield  and 
Sandown ;  also  in  some  Wealden  beds  of  Sussex  and  Kent,  in  the 
Upper  and  Middle  Purbecks  of  Dorset,  and  the  so-called  Wealden 
(Purbeck  ?)  beds  of  North  Germany.  In  the  Gkol.  Mao.  April, 
1886,  p.  147,  PL  IV.  Figs.  4  a,  b,  c,  this  species  is  recorded  also  from 
a  Jurassic  freshwater  bed  in  Colorado. 

The  genus  is  the  type  of  a  separate  family  according  to  Brady 
and  Robertson,  *'Monogr.  Post-Tert.  Entom."  1874,  pp.  116  and  140. 
As  the  name  was  changed  from  Darwinella  to  Darwinula,  the  family 
name  is  now  Darwinnlida,  D.  Stevensoni,  B.  and  R.,  is  abundant  in 
the  fen  rivers  of  the  East  of  England. 

8.  Cyprione  Bristovii,  Jones. 

Quart.  Journ,  Geol.  Soc.  vol.  xli.  1885,  p.  344,  pi.  viii.  figs.  27,  28,  29,  32. 

An  additional  occuTXttiiCft  o^  "W^^Ad^w  Oatracoda  discovered  by  tlie 
Gfeological  Survey oxa  m  t\i^  \^^  ol  '^\^\.\'e.  ^\i^!c^v^\s^^-^35»\aQjw(i 
marl,  marked  **  5WS,*'  itom  V\i^  ^*N^^^«a.CJC\^  ^^-^^^^^wsk^^-oiS^ 
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Chine,"  crowded  with  Cypridea  Valdetms,  Cyprtdea  DunJceri,  Mela- 
typrtB  Fittont,  and  Cyprione  Bristoviu 

The  last-mentioned  species  has  been  found  also  in  the  Tunbridge- 
Wells  Sand  at  Lindfield  and  Tunbridge  (?),  in  the  Wadhurst  Clay 
'  near  Hastings  and  Bexhill,  in  the  Upper  and  Middle  Purbeck  beds 
of  Dorsetshire,  and  in  the  equivalent  beds  of  North  Oermanj. 
Cyprione  probably  belongs  to  the  Darmnulida. 

9.  Mbtaoypbis  Fittoni  (Mantell). 

Oyffrii  iubm-emlata.  Sow.  (in  part).  Trans.  GeoL  Soc.  ser.  2,  toL  ir.  1836,  pp. 
177,  Ac.,  pi.  21>fie.  2  a. 

Cyprit  Pittoni,  Mantell,  Medals  of  Creation,  1844,  toL  Tii.  p.  646,  lignograph  119, 
flg.  2. 

Oypridtu  f  Fittoni,  Jones,  Gbol.  Mao.  1878,  p.  277. 

Cy/A«r»  lUtoni,  Jones,  Quart.  Jonm.  Geol  Soc.  1885,  toI.  xli.  p.  333. 

MetaeyprU  Fittoni^  Jones,  in  Prestwich's  'Geology,'  toL  ii.  1888,  p.  268, 
fig.  137a. 

This  species  is  common  in  some  beds  of  the  Weald  Clay  of  the 
Isle  of  wight,  especially  at  Compton  Bay,— on  the  west  of  Brook 
Point, — at  Brixton  Bay, — at  Atherfield,  and  Sandown  Bay.  It 
occurs  also  at  Punfield  Cove  near  Swanage,  and  at  Pulborough  and 
Pallingbam,  Sussex,  in  the  Weald  Clay ;  in  the  Tunbridge- Wells 
Sands  at  Lindfield ;  and  in  the  Wadhurst  Clay  near  Hastings.  It  is 
not  rare  also  at  some  places  in  the  Weald  Clay  of  Kent  (near 
Maidstone,  Great  Chart,  Aldington,  and  Hythe),  and  the  Tunbridge- 
Wells  Sands  at  Langton  Green.  Also  (doubtfully)  in  the  Weald 
Cltiy  near  Hazlemere  in  Surrey. 

The  genus  Metaeypris  was  first  noticed  by  G.  S.  Brady  in  '  Nature,' 
1870,  p.  484 ;  and  was  found  living,  but  not  abundantly,  in  the 
tidal  waters  and  *'  Broads  "  of  the  East  of  England  by  G.  S.  Brady 
and  D.  Robertson.  There  was  only  one  species  (JIf.  cordata)  met 
with,  and  they  determined  it  as  more  probably  belonging  to  the 
Cytheridsd  than  to  the  Cyprididas.  See  Ann.  Mag.  Nat.  Hist.  ser. 
4,  vol.  vii.  pp.  19,  20 ;  vol.  ix.  p.  51 ;  and  Monogr.  Post-Tert.  Entom. 
1874,  pp.  112  and  116.    Also  Quart.  Journ.  Geol.  Soc.  vol.  xli.  p.  344. 

Besides  the  M.  Fittoni  mentioned  above,  there  are  several  other 
fossil  species.  M,  Forbesii  is  one  of  the  leading  fossils  of  the  Middle 
Purbeck  beds  of  Dorset  (Ridgway,  Durlston  Bay,  and  Mewps  Bay), 
op.  dL  p.  346.    In  the  Geol.  Mao.  April,  1886,  p.  146,  PL  IV.  Figs. 

1  a,  b,  e,  this  ^ecies  is  also  described  from  a  Jurassic  freshwater  or 
estnarine  limestone  of  Colorado,  where  it  is  associated  with  two 
other  species,  namely,  M,  Bradyi  and  M.  Whitei,^  lac,  ciL  PL  IV.  Figs. 

2  a,  (,  c,  and  3  a,  6,  c.  JIf.  conculcala,  Jones,  from  a  similar  estuarine 
formation  at  Bahia  in  Brazil,'  as  well  as  M.  strangulata,  Jones,  from 
Tertiary  beds  in  the  Province  of  Nagpur,  Central  India,'  are  referred 
to  in  the  same  paper,  pp.  146,  147. 

One  of  the  chief  characteristics  of  Metacypris  is  the  submedian 
transverse  suture  on  the  dorsal  region.  This  is  very  strong  in  JIf. 
Fittoni,  and  is  the  feature  which  led  Mantell  to  separate  this  species 
frotn  its  somewhat  similar  companion,  Cytheridea  tuherctdata, 

'  These  three  species  have  been  described  briefly  and  figured  in  the  *  Bulletin  U.S« 
GeoL  Surr/  No,  29,  May,  1886,  pp.  23,  24,  p\.  iv.  ^tt%.  Vl-IA. 
'  Qaurt  Journ.  Oeol  Soc.  toL  xvi.  1860,  p.  266,  'pV.  x^  t^^ga.  ^  a^h. 
«  Mi/,p.  187,pL  X.  flgg.  73  a,  6,  c,  d. 
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IV. — The  Sgulptube  of  Alpihb  Pabskb  ahd  Peakb.^ 
By  Prof.  T.  G.  Bonnet,  D.Sc,  LL.D.,  F.B.8.,  F.0.8. 

THERE  are  two  facts  which  are  closely  oonnected  with  the  present 
condition  of  the  Alps — (1)  that  the  rainfall  on  the  Alpine 
slopes  on  the  Italian  side  of  the  watershed,  as  a  rale,  is  heavier  than 
that  on  the  other  side,  and  (2)  that  the  valleys  also  are  steeper.  It 
is  indeed  true  that  the  distance  from  the  watershed  of  the  Centnl 
Pennines  to  the  lakes  on  either  side,  north  or  sonth,  is  not  wetj 
different,  hut  the  level  of  those  on  the  latter  is  some  700  feet  helow 
that  of  those  on  the  northern.  This  difference  of  level  is  espedallj 
marked  in  the  upper  part  of  the  valleys,  plaoes  oorrespondinglj 
situated  heing  always  lower  on  the  son  them  than  on  the  northwi 
face ;  for  instance,  Zermatt  is  rather  above  Maongnaga,  but  ss  the 
crow  flies  it  is  more  than  double  the  distance  from  the  watershed. 

For  both  the  above  reasons  denudation  will  proceed  more  rapidly 
on  the  slopes  of  the  Alps  facing  southwards  or  eastwards,  that  is, 
towards  Italy,  and  thus  the  valleys  in  them  will  be  cut  back  more 
quickly  and  be  more  precipitous  at  their  heads  than  in  the  northern 
or  western  slopes.  From  this  results  a  singular  oonfiguration  of  the 
uppermost  parts  of  a  valley,  which  is  commonly  exhibited  by  the 
passes  selected  for  the  construction  of  high  roads.  The  asoal  form 
of  a  pass  in  the  higher  Alps,  as  every  climber  knows,  is  this :  yoa 
follow  a  valley  which  at  last  leads  you  by  a  final  ascent,  more  or  lees 
steep,  to  a  gap  or  saddle  between  two  peaks,  on  the  other  side  of 
which  a  similarly  formed  valley  is  found  to  descend.  Of  such  pasMi 
every  variety  exists,  from  the  depression  which  must  be  reached  by 
climbing  a  rooky  wall,  like  the  east  side  of  the  Strahleck  or  the  sonUi 
side  of  the  Sella  Pass,  to  those  like  the  Col  de  la  Yalpelline,  where 
the  final  acclivity  is  comparatively  slight.  Occasionally,  however, 
we  meet  with  a  type  of  pass  of  which  the  Maloya,  at  the  head  of  the 
river  Inn,  may  serve  as  an  example.  Noted  as  one  of  the  lowest 
gaps  across  the  watershed  of  the  Alps,  for  its  summit  is  barely  6000 
feet  above  sea-level,  its  structure  offers  a  problem  which  at  first 
sight  is  sufficiently  perplexing.  The  valley  of  the  Inn  ascends,  on 
the  whole  gradually,  to  Samaden,  where  the  river  is  joined  by  a 
torrent  which  carries  the  drainage  from  the  northern  face  of  the 
Bernina  group.  But  though  this  brings  the  greater  volume  of  water, 
it  occupies  a  glen  which  is,  orographically,  of  secondary  importance, 
and  the  main  valley  continues  onwards  in  a  south-westerly  direction 
towards  the  Maloya  Pass.  Samaden  is  about  5600  feet  above  the 
sea ;  from  it  a  rather  steep  but  short  ascent  brings  us  to  the  level  of 
the  St.  Moritzersee,  the  elevation  of  which  is  about  5800  feet  We 
have  now  entered  a  rather  broad  and  almost  level  valley,  enclosed 
between  mountains  which  rise  on  either  side  from  4000  to  6000 
feet  above  it,  the  floor  of  which  is  occupied  to  a  considerable  extent 
by  a  group  of  shallow  lakes.  This  trough  is  more  than  nine  miles 
long ;   yet  the  Silsersee  at  its  upper  end  is  only  66  feet  higher  than 

*  An  extract  from  one  of  the  "  Tyndall  liectures  "  deUvered  at  the  Eoyal  Inititiition 
in  1S88,  by  Prof.  T.  G.  Bonney,  l3.Sc.,  F.K.S. 
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the  St.  Moritzersee ;  henoe  the  fall  is  only  15  in  10,000,  or,  raughly 
speaking,  about  seven  feet  in  a  mile.  The  Maloya  Eulm  is  a  very 
short  distance  from  the  head  of  the  Silsersee,  and  is  only  a  few  feet 
higher  than  it ;  the  height  assigned  to  the  lake  being  5872  feet,  and 
to  the  pass  5942  feet.  I  doubt,  indeed,  whether  the  latter  measure- 
ment indicates  the  lowest  point,  and  think  that  it  would  be  possible 
to  divert  the  waters  of  the  Silsersee  from  the  Black  Sea  to  the 
Adriatic  by  a  comparatively  shallow  cutting.  But  no  sooner  have 
we  traversed  this  low  ice- worn  floor  of  rock  than  the  scene  changes 
in  a  moment ;  we  are  standing  on  the  brow  of  a  series  of  lofty  cliffs ; 
the  road  swings  away  to  the  left  to  seek  a  less  precipitous  part  of 
the  enclosing  head  of  the  valley,  to  the  floor  of  which — nearly  a 
thousand  feet  below — it  descends  by  a  series  of  zigzags.  To  what 
are  we  to  attribute  this  singular  configuration :  this  flat,  almost  level 
trough  driven  right  through  the  crest  of  the  Alps,  and  terminating  so 
abruptly  at  the  brink  of  a  range  of  precipices  ?  There  is  the  river 
"▼alley — one  which  seems  to  suggest,  nay,  to  demand,  the  action  of 
strong  torrents  for  its  making — and  no  torrent  is  to  be  found,  for 
the  mountains  from  which  it  could  flow  have  vanished,  and  instead 
of  a  ridge  we  have  vacant  air  I 

Is  this  trough  the  work  of  glaciers?  Certainly  it  bears  every- 
where the  marks  of  moving  ice.  Members  of  the  School  of  Bamsay 
might  cite  its  wide  but  shallow  lake  basins  as  examples  of  the 
excavatory  power  of  ice,  and  here,  though  I  could  point  out  some 
difficulties  in  the  application  of  their  theory,  I  should  not  be  surprised 
if  their  claim  were  substantiated.  But  the  glacier  which  exercised 
any  erosive  action  on  this  trough  can  only  have  been  formed  by  the 
fusion  of  ice-streams  which  descended  from  the  mountains  on  either 
side.  Hence  it  may  have  modified  the  superficial  features,  but  in  no 
case  can  it  be  said  to  have  excavated  the  trough,  because,  as  already 
stated,  there  is  not  even  a  ridge  at  its  head.  Suppose  the  trough  of 
the  Maloya  covered  deep  with  snow  and  ice,  it  is  obviously  impossible 
that  this  can  have  exercised  any  erosive  force  of  importance  in  the 
direction  of  the  flow  of  the  Inn,  because  here  it  would  be  almost  at 
rest.  Moreover,  we  can  prove  that  when  the  glaciers  of  the  Alps 
were  vastly  greater  than  now,  and  the  Maloya  was  thus  buried,  the 
actual  watershed  of  the  pass — that  is,  the  ice-worn  rock  on  which 
the  Eulm  hotel  now  stands — was  swept  by  a  glacier  which  had  its 
origin  among  the  peaks  on  the  southern  side  of  the  watersheds-one 
represented  at  the  present  day  by  the  Fomo  glacier  ;  for  on  this  rock 
are  strewn  erratics  of  the  peculiar  porphyritic  granite  which  forms 
the  crags  on  the  western  side  of  that  glacier.  We  have  only  to 
stand  on  this  ice-worn  plateau  among  the  erratics  which  mark  the 
ovei^ow  of  the  southern  ice-stream,  to  glance  at  one  moment  along 
the  unbroken  trough  on  the  Swiss  side,  and  the  next  down  the  steep 
crags  into  Italy  on  the  other,  in  order  to  realize  how  slightly  the 
glaciers  of  the  Great  Ice  Age  can  have  modified  the  pre-existent 
natural  features  of  the  district,  and  to  justify  us  in  assigning  to  them 
a  very  secondary  place  among  the  graving  tools  employed  by  Nature. 

What  explanation,  then,  must  be  given  of  this  singular  trough  ? 
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I  regard  it  as  anterior  in  its  dominant  features  to  the  extension  of 
the  ice.  I  suppose  that  when  it  was  made  no  glacier  intruded  on  to 
its  floor ;  perhaps  there  were  no  glaciers  among  the  peaks ;  at  any 
rate,  I  do  not  suppose  that  the  region  of  snow  and  ice  was  mora 
extensive  than  at  present  I  believe,  for  I  can  find  no  other 
explanation,  that  in  this  part  of  the  valley  of  the  Inn  we  have  a 
true  valley  of  erosion,  comparable,  let  as  say,  "with  the  npper  pot 
of  the  Yal  Rosegg,  one  of  those  steps  which  not  nnfreqoentlj 
precede  the  final  ascent  to  the  watershed.  But  I  suppose  that  the 
watershed  in  this  case  once  lay  some  distance  further  south,  perhape 
not  very  far  away  from  the  present  frontier-line  between  the  Enf^ 
dine  and  Italy,  say  passing  somewhere  above  the  site  of  Yioo 
Soprano.  From  thfs  ridge  the  Inn  then  flowed  towards  the  north- 
east, while  on  the  other  side  the  Maira  descended  towards  the  sontii- 
west.  At  the  present  time  the  Maira  falls  about  2500  feet  between 
Vico  Soprano  and  Chiavenna,  a  distance  of  about  12  English  mike, 
say  full  200  feet  a  mile,  and  the  Maloya  Eulm  is  nearly  2400  feet 
above  Yico  Soprano,  a  distance  of  about  5  miles  as  the  crow  fiiee, 
giving  a  total  fall  of  almost  5000  feet  in  some  18  miles  of  the  river 
course,  say  5  in  100  on  the  average ;  while  the  Inn,  as  has  been 
said,  descends  at  first  almost  imperceptibly,  and  between  St.  Moriti 
and  the  Finstermiinz  only  falls  94  in  10,000,  which  is  rather  len 
than  1  in  100. 

Obviously,  then,  apart  from  any  consideration  of  rainfall,  the 
erosive  force  of  the  Maira  would  be  far  greater  than  that  of  the  Inn. 
Thus  the  streams  of  the  former  would  bite  more  deeply  into  the 
dividing  range  than  those  of  the  latter.  The  intervening  mountain 
mass  was  quarried  away  far  more  rapidly  on  the  southern  side,  until 
at  last  the  corrie  at  th6  head  of  the  Maira  ate  its  way  back  throngh 
the  dividing  ridge,  and  actually  cut  away  the  slopes  by  which  the 
streams  descending  towards  the  Engadine  were  formerly  fed.  Tbni 
I  regard  the  floor  of  the  Upper  Innthal  as  the  decapitated  remnant 
of  a  very  ancient  valley,  which,  while  important  changes  have  been 
occurring  on  either  side,  has  remained  comparatively  unchanged, 
because  denudation  must  needs  cease  when  its  motive  forces  are 
gone.  When  the  weapons  are  snatched  from  the  hand  of  the 
destroyer,  when  his  arm  is  paralysed,  then  he  must  cease  from 
troubling  and  the  weary  may  rest. 

If  we  examine  a  good  map  of  the  district,  we  find  an  interesting 
confirmation  of  the  explanation  just  offered.  The  tributary  glens 
of  a  river  system  bear  a  general  resemblance,  as  every  one  knows, 
to  tho  branches  of  a  tree— they  tend  to  converge  in  the  direction  of 
the  flow,  as  twigs  unite  to  branches,  and  branches  to  the  trunk.  It 
is  true  that  the  changes  from  valleys  of  strike  to  valleys  of  dip  give 
rise  to  sharp  turns  and  **  kinks,"  not  unlike  those  in  the  boughs  of 
an  aged  oak;  but  we  rarely  find  a  valley  running  almost  in  the 
opposite  direction  to  that  of  the  stream  to  which  it  is  a  tributary. 
Yet  the  long  glens  occupied  by  the  Albigna  and  the  Fomo  glaciers 
run  due  north,  while  the  Maira  for  some  distance  is  flowing  almost 
exactly  in  the  line  of  the  former  glen,  but  in  the  opposite  diieotion. 
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reover,  the  mouth  of  the  upland  glen  leading  to  the  Fomo  glacier 
s  nearly  as  possible  on  the  level  of  the  Maloya  Kulm  :  its  floor 
eached  from  the  latter  by  a  traok  which  keeps  nearly  at  the  same 
dl,  though  the  torrent  which  plunges  downwards  to  the  Maira 
gashed  the  rock  over  which  it  rushes.  Hence  I  believe  that  the 
Mtms  from  the  Fomo  and  the  Albigna  glens  formerly  flowed  into 
Innthal,  as  those  from  the  Fedoz  and  Fex  still  do,  but  that,  as 
corrie  at  the  head  of  the  Maira  gradually  receded  in  a  north- 
fcerly  direction,  it  intercepted  and  diverted,  as  its  floor  was  on  a 
rer  level  than  theirs,  first  the  torrent  from  the  Albigna  glen,  and 
n  that  from  the  Forno.  The  diversion  of  these  streams  would, 
course,  augment  the  erosive  force  of  the  Maira,  and  correspond- 
ly  diminish  the  amount  of  denudation  in  the  upper  part  of  the 
ithal.  Indeed,  I  think  it  probable  that  the  torrent  from  the 
rno  glen  has  indirectly  aided  in  producing  the  precipices  which 
arate  the  Maloya  Eulm  from  the  floor  of  the  Yal  Bregaglia. 
[nstances  like  the  above  are  far  from  rare  in  the  Alps.  Most  of 
I  passes  traversed  by  the  great  high  roads,  such  as  the  Gen^vre, 
»  Cenis,  the  St.  Oothard,  the  Lukmanier,  to  mention  no  others, 
nish  us  with  examples  of  a  nearly  level  plain  of  considerable 
ent  at  their  summits  ;  they  are,  in  short,  troughs  driven  through 
•  range,  not  sharp-edged  saddles  on  the  range.  To  all  these — 
7  difficult  to  understand  on  the  hypothesis  that  the  watershed 
I  always  occupied  its  present  position —the  above  explanation 
y  be  applied.  I  will  only  mention  one  other  case,  because  it  is  in 
'egion  of  sedimentary  rock,  seems  no  less  anomalous  than  that 
ich  I  have  been  describing,  and  brings  us  to  a  district  where 
>ther  difficulty  demands  an  explanation. 

Dn  the  Toblacher  plateau — the  water-parting  between  the  Rienz 
1  the  Drave — the  Ampezzo  road  turns  ofl*  to  cross  the  southern 
ige  in  its  course  towards  Venice.  It  passes  through  a  deep  trench 
the  dolomite  mountains.  On  the  one  hand  rise  the  grand  spires 
the  Drei  Zinnen  and  the  turretted  wall  of  the  Cristallo ;  on  the 
ter  the  vast  altar-stone  of  the  Croda  Rossa,  with  many  subordinate 
nmits.  From  Toblach  to  Landro,  from  Landro  to  near  Peutelstein, 
I  road  is  almost  level.  The  rise  from  the  entrance  to  the  HoUen- 
tnerthal  to  the  shallow  Durrensee,  in  which  the  crags  of  the 
istallo  are  mirrored,  is  less  than  600  feet,  though  the  distance  is 
L  six  miles ;  and  for  the  remaining  six  miles  the  total  ascent  is 
*dly  more  than  250  feet.  The  trough  is  then  suddenly  interrupted, 
lost  as  at  the  Maloya  Eulm.  From  the  northern,  or  rather  the 
:th-westem  side  of  Monte  Tofana,  a  glen  comes  sweeping  round, 
I  floor  of  which  is  some  hundreds  of  feet  below  the  level  of  the 
(S ;  to  this  a  steep  and  narrow  track  was  the  only  means  of  descent 
til  the  present  road,  with  its  series  of  zigzags,  was  constructed. 
len  the  floor  of  this  glen  is  reached,  a  more  gradual  descent  leads 
[lortina,  which  is  a  little  less  than  4000  feet  above  the  sea.  Here, 
n,  we  have  a  repetition,  though  on  a  smaller  scale,  of  the  physical 
tnres  of  the  Maloya ;  and  here,  also,  I  can  find  no  other  explanation 
the  apparent  anomaly  than  that  the  watershed  once  lay  rather 
fcber  to  tha  loiithy  and  that  as  the  main  feeder  of  tk^  ^vb.^^ 
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deepened  the  valley  between  the  Tofana  and  the  Criatallo  muii/. 
it  gradaally  out  away  the  rocky  wall  which  onoe  dosed  the  glen  to 
the  west  of  Schluderbach. 

But  the  head  of  the  Pusterthal  itself  presents  ns  with  s  somewhat' 
similar  anomaly,  and  this,  singularly  enough,  finds  s  parallel  at  the 
head  of  the  Etsch.  The  watershed  in  the  former,  though  hetween 
the  Adriatic  and  the  Danube,  is  curiously  ill  defined.  It  is  a  flatdsh 
drift-covered  plain,  barely  4000  feet  above  the  sea,  perliaps  a  third 
of  a  mile  wide,  guarded  on  the  one  side  by  the  slopes  and  oags  of 
the  crystalline  schists  of  the  central  range  of  the  Tyrol,  on  the  dher 
by  the  magnificent  dolomitio  cliffs  of  the  aonthem  range.  On  the 
west — from  Welsberg  to  Niedemdorf  (4  miles)  there  is  a  rise  of 
about  260  feet ;  from  the  latter  place  to  Toblach  (3  miles)  a  further 
rise  of  150  feet ;  and  from  Toblach  to  Jnnichen,  on  the  east  side  (2 
miles),  a  descent  of  lees  than  100  feet  Thus  the  floor  of  the  tzoogk 
for  some  five  miles  does  not  rise  and  fall  more  than  about  100  feet, 
and  the  average  slope  is  less  than  1  in  100.  In  the  next  eight  mike 
the  fall  is  only  about  225  feet,  which  is  still  more  gentle.  But  thea 
it  becomes  more  rapid ;  the  valley  contracts,  its  floor  descends  mora 
sharply  as  the  river  passes  through  the  Lienzer  Klaase,  a  defile  cot 
into  the  crystalline  schists  and  about  nine  miles  long.  Lienz  itself,  28 
miles  from  Toblach,  is  about  1750  feet  below  that  place,  while 
Untervintl,  which  is  about  the  same  distance  on  the  western  side,  is 
some  300  feet  higher  than  it  Here,  then,  I  oonolude  that  the 
original  watershed  must  be  placed  to  the  east  of  the  Toblacherfeld, 
and  that  the  Drave  has  cut  its  way  back  into  the  upper  part  of  the 
glen  of  the  Rienz. 

The  pass  of  the  Reschen  Scheideck,  which  leads  from  the  upper 
part  of  the  valley  of  the  Etsch  to  the  Finstermiinz  in  the  valley  of 
the  Inn,  exhibits  a  structure  in  some  respects  similar  to  that  which 
has  just  been  described.  The  Malser  Heide,  on  which  the  pass  lies, 
is  a  long  and  comparatively  level  trough,  the  watershed  of  which  is 
less  than  5000  feet  above  the  sea  (4898  feet).  Thence  the  road 
declines  gradually  to  Nauders  (4468  feet),  and  then  drops  rapidly 
down  to  the  gorge  of  the  Inn,  the  level  of  that  river  being  aboat 
3700  feet  above  the  sea. 

To  explain  the  structure  of  the  region,  I  must  go  back  to  the 
time  when  the  Inn  had  excavated  a  valley  which  was  both  shallower 
and  narrower  than  that  which  it  now  occupies.  Suppose  that  iU 
bed  was  then  about  5000  feet  above  the  sea,  on  the  level  of  the 
Reschen  Scheideck ;  at  that  time  the  head  waters  of  the  Etsch  may 
have  descended  from  a  ridge,  the  watershed  of  which  lay  near  to 
the  channel  of  the  Inn.  Gradually,  as  the  latter  river  deepened 
and  enlarged  its  valley,  the  ridge  would  be  eaten  away,  until  at  last 
the  head  of  the  Reschen  Scheideck  trough  was  exposed.  Then  the 
brow  of  the  declivity  towards  the  Inn  (as  the  rocks  here  are  nnt 
very  durable)  would  be  rounded  oflf,  so  that  the  edge  of  the  old 
trough  would  not  remain  sharp,  as  in  the  case  of  the  Maloya,  but 
would  be  gently  bevelled  in  the  upper  part,  and  thus  the  actual 
watershed  would  travel  slowly  and  almost  imperceptibly  eastwards. 

IiiBtft'^'*—  wbere  appax^iiV.  wiom\jJi\fe^  \aa.^  be  explained  by  the 
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Dciple  of  the  nnequal  rate  of  receseion  of  the  heads  of  valleys  on 
)06ite  sides  of  a  line  of  water-parting  might  readily  be  mnltiplied, 
;  I  will  notice  only  one  other,  and  that  briefly.  Many  of  you 
11  remember  the  structure  of  the  Pennine  Alps  at  the  head  of  the 
mer  glacier.  Between  the  pyramidal  summit  of  the  Matterhom 
1  the  massif  of  the  Breithom  there  is  the  marked  depression 
issed  by  the  ThSodule  Pass — a  breach  in  the  rocky  wall  which  is 
ne  two  or  three  thousand  feet  deep ;  for  the  summits  on  either  side 
>  respectively  14,705  feet  and  13,685  feet  above  the  sea,  while  the 
)8t  of  the  chain  at  the  Th^odule  Pass  is  barely  11,000  feet. 
om  the  Breithom  the  rocky  rampart  continues  practically  un- 
>ken,  in  a  general  easterly  direction,  as  far  as  Monte  Bosa,  its 
iks  being  well  over  13,000  feet  in  height,  and  even  the  gaps 
tween  them  only  about  1000  feet  less  elevated.  In  fact,  from  the 
eithom  to  Monte  Bosa  the  crest  of  the  range  is  never  less  than 
,700  feet  above  the  sea.  It  culminates  in  the  vast  ridge  of  Monte 
>fla,  the  highest  peak  of  which  is  15,217  feet  above  the  sea,  after 
lioh  the  watershed  between  Switzerland  and  Italy  runs  north,  and 
»  find  another  gap  similar  to  that  above  mentioned,  except  that 
re  a  comparatively  level  snow-field  is  terminated  by  abrupt  pre- 
»ioe8  on  the  eastern  side.  Every  one  who  has  crossed  by  one  of 
3  Weissthor  passes,  or  who  has  ascended  the  well-known  snowy 
mp  of  the  Cima  de  Jazzi,  will  remember  the  startling  contrast 
tween  the  long  and  gentle  ascent  over  slopes  of  snow  on  the 
»tem  flank,  and  the  precipitous  descent  on  the  Italian  side, 
itween  Monte  Bosa  and  the  Strahlhom  (13,750  feet)  there  is  a  gap 
about  three  miles  wide,  the  flattened  crest  of  which  undulates  a 
tie  on  either  side  of  12,000  feet  Besides  this,  a  line  of  peaks, 
ly  a  little  subordinate  to  that  of  which  Monte  Bosa  forms  a  part, 
ininates  abruptly  with  the  Strahlhom  almost  on  the  watershed, 
itead  of  being  prolonged,  as  might  have  been  anticipated,  by  a 
ar  on  the  southern  side.  Of  this  apparent  anomaly  we  have  not 
r  to  go  in  order  to  find  an  explanation.  The  head  of  the  Yal 
longnaga,  which  is  a  huge  corrie,  has  cut  back  into  the  massif  of 
Dnte  Bosa,  and  is  partly  enclosed  by  its  eastern  spur,  which  runs 
irards  the  Pizzo  Bianco.  The  drainage  from  this  corrie,  starting 
a  northerly  direction,  sweeps  round  towards  the  east,  passing 
ider  the  great  wall  of  cliffs  which,  as  already  mentioned,  descends 
>m  the  edge  of  the  snow-field  feeding  the  Oomer  and  the  Findelen 
aoiers,  and  from  that  at  the  head  of  the  Schwarzenberg  glacier  east 
the  Strahlhom.  Hence  I  conceive  that  the  Strahlhom  was  once 
rt  of  a  great  spur  thrown  off  from  a  range  which  extended  in  a 
rection  rather  east  of  north  from  Monte  Bosa,  and  was  elevated 
rhaps  a  couple  of  thousand  feet  above  the  present  edge  of  the 
)raer  snow-field.  The  Cima  de  Jazzi  might  be  a  remnant  of 
other  spur  from  this  range,  and  it  is  a  noteworthy  fact  that  the 
onie  delle  Loccie,  a  peak  over  12,000  feet  on  the  eastern  spur  of 
ynte  Bosa,  is  almost  exactly  on  the  line  of  the  Strahlhom  axis.^ 

PoBsibly  the  curious  shelf  or  trough  of  the  Saas  Weissthor  is  really  the  half  of 
old  paas  Wween  the  Strahlhom  and  a  missiug  peak. 
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This  range  has  been  oat  away,  as  the  f^nttt  glen  of  M acognagm  wii 
being  deepened  and  enlarged,  devoiiriiig  the  moontam  group  by 
which  it  is  fed. 

I  pass  on  to  another  pecaliarity,  whidi  admits  of  a  similar  ex- 
planation. Not  nnfreqoently  the  higher  pesks^  especiallj  in  tiie 
district  sonth  of  the  Little  St  Bernard,  project  sligfatlj  horn  tk 
watershed  on  to  the  Italian  side,  like  bartions  from  s  wslL  Sodi  ii 
the  case  with  the  Ciamarella,  the  Roche  Melon,  the  Yiso,  and  othen. 
The  Viso,  indeed,  is  wholly  an  Italian  moantain,  for  it  is  the  cahniii- 
ating  point  of  a  long  and  deeply  gashed  spor,  extmding  towards  tiie 
south-east  from  the  main  range  of  the  Alps.  The  coarse,  indeed,  of 
the  line  of  watershed  is  suggestive,  for  it  forms  about  the  head  of 
the  river  Guil  (flowing  westward)  a  kind  of  casp,  near  the  point  of 
which  is  the  Viso.  On  the  northern  side  of  this  casp  rise  the  tribo- 
taries  of  the  upper  waters  of  the  Po ;  on  the  other,  the  feeders  of  a 
hardly  less  important  Italian  stream,  the  Yraita.  To  understand  the 
orographical  structore,  I  look  back  to  a  stage  in  the  process  of 
mountain  sculpture  when  the  line  of  watershed  passed  over  thB 
summit  of  the  Viso,  and  its  crest,  elevated  to  perhaps  a  coa|de  of 
thousand  feet  above  the  present  level,  ran  in  the  same  general  diico- 
tions  as  it  now  does,  but  some  distance  on  the  Italian  side.  Ths 
Guil  continued  to  cut  its  way  back  towards  the  main  peak,  though 
slowly,  as  the  slope  of  the  upper  part  of  the  valley  is  not  rapid. 
The  glens  of  the  Vraita  on  the  one  side  of  the  peak  and  of  the  Po 
on  the  other  side  worked  their  way  back  more  rapidly,  and  devoared 
the  actual  crest  of  the  range.  The  descent  on  the  Italian  side  is 
much  more  rapid  than  on  the  French  ;  from  the  gaps,  by  whidi  the 
range  can  be  crossed  from  the  latter  country,  to  Grissolo  in  the  Val 
di  Po,  is  a  drop  of  nearly  5000  feet.  The  descent  from  the  Col  de 
Vallante  to  Chateau  Dauphin  in  the  Val  Vraita  is  about  as  mach, 
while  on  the  French  side  it  would  require  some  miles  more  walking 
to  reach  this  level.  Thus  the  Viso  has  been  left  projecting  as  ft 
bastion.  But  nearly  simultaneously  with  the  above  recession,  two 
ravines,  one  tributary  to  the  Po,  the  other  to  the  Vraita,  were  cutting 
back  into  the  curtain  wall  which  connected  the  bastion  peak  of  the 
Viso  wall  with  the  retreating  crest  of  the  watershed,  until  at  last 
the  heads  of  these  glens  met,  and  formed  a  kind  of  high-level  ditch 
which  isolates  the  peak  from  the  actual  watershed. 

A  similar  principle  may  be  applied  to  explain  a  very  common 
feature  in  the  higher  regions  of  the  Alps — namely,  that  the  culmin- 
ating peaks  of  important  spurs  are  often  hardly  less  elevated  than 
those  on  the  watershed.  As  an  example,  let  us  return  to  the 
Pennine  range  in  the  neighbourhood  of  Zermatt  The  two  branches 
of  the  Visp  are  divided  and  are  bounded  respectively  by  lofty  ridges. 
A  line  drawn  along  the  crest  of  the  westernmost  ridge  would  pass 
across  the  gap  occupied  by  the  Zmutt  glacier  to  the  peak  of  the 
Matterhorn  :  that  drawn  along  the  central  ridge,  as  already  said, 
would  pass  above  the  vast  cirque  at  the  head  of  the  Val  Anzasca  to 
the  Monte  delle  Loccie,  east  of  Monte  Rosa,  while  that  along  the 
easternmost  ridge  ceases  rather  abruptly  near  the  head  of  the  Val 
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itrona.  On  the  first  spur,  full  ten  •  miles  to  the  north  of  the 
itterhom  as  the  crow  flies,  we  find  the  Weisshom,  actually  the 
^her  by  about  100  feet ;  the  other  peaks  to  the  south  being  well 
)ve  13,000  feet,  and  the  lowest  gaps  between  them  not  much 
der  12,000  feet.  Opposite  to  the  Weisshom  rises  the  mass  of  the 
Bchabel-homer,  the  highest  peak  of  which  almost  reaches  15,000 
)t,  and  there  is  no  point  in  the  range  south  of  it  till  we  have  passed 
)  Strahlhom,  which  falls  much  below  12,000  feet,  while  its  peaks 
» all  oyer  13,000  feet  above  the  sea.  Lastly,  in  the  rather  less 
rvated  range  east  of  the  Saaser  Visp,  we  find  peaks  somewhat 
sr  13,000  feet  in  height  separated  by  passes  which  are  not  much 
low  12,000  feet  As  may  be  inferred  from  what  I  have  already 
.ted,  the  principal  gaps  in  the  rocky  rampart  enclosing  the  head 
the  Gk)mer  Visp  correspond  with  the  direction  of  its  main  axis, 
d  of  the  tributary  glens  now  occupied  by  the  glaciers,  Zmutt, 
>mer,  and  Findelen.  These  gaps  I  attribute  to  the  destruction  of 
)  original  party  walls  by  the  recession  of  the  heads  of  the  Italian 
[leys.  In  order  to  comprehend  the  process  by  which  the  above- 
scribed  structure  has  been  produced  we  must  dissolve  away  snow 
d  glacier,  and  must  replace  the  myriad  millions  of  cubic  yards  of 
:ik  which  have  been  removed  by  the  action  of  water  in  all  its  forms, 
e  will,  however,  for  simplicity,  suppose  any  covering  of  Secondary 
sks  already  stripped  oft  We  may  then  picture  to  ourselves  a 
oad  arch  of  crystalline  rock,  slowly  rising,  perhaps  not  without 
uses,  until  its  flattened  crown  is  full  three  miles  above  the  sea. 

I  chord  extends  from  the  present  valley  of  the  Rhone  on  the  one 
le  perhaps  to  the  Italian  plain  on  the  other.  Into  this  mass  the 
-eams  which  start  from  its  higher  surface  cut  deeply,  working 
sir  way  backwards,  and  excavating  the  valley,  so  that  every  peak 
a  "  locns  of  least  denudation,"  standing  like  one  of  those  prisms 

earth  which  excavators  leave  to  indicate  the  amount  which  they 
ve  removed. 

It  may  be  asked  why,  if  the  above  explanation  be  correct,  do  we 
t  find  spurs  on  the  southern  side  of  the  Pennines  comparable  with 
ose  on  the  northern.  I  reply  because  they  have  suffered  more 
)m  and  have  been  partly  destroyed  by  the  more  rapid  recession  of 
B  valleys  on  this  side.  As  their  tributary  glens  enlarge,  as  the 
eat  corries  at  their  heads  are  extended,  laterally  as  well  as  back- 
irds,  so  the  intervening  masses  suffer  from  corrosion,  and  at  last 
en  the  peaks,  which  have  for  long  been  spared,  must  obey  the 
neral  law,  "  Dust  thou  art  and  unto  dust  thou  shalt  return." 
But  on  this  subject  passing  time  forbids  me  to  dwell  longer.     I 

II  only  say  that  I  believe  the  principles  which  I  have  indicated  to 
of  general  application  in  all  mountain  regions.  There  are,  however, 
'o  topics  indirectly  connected  with  questions  of  Alpine  sculpture 
lich  call  for  a  brief  notice.  These  are  (a)  what  effects  have  snow 
d  ice  as  erosive  agents  compared  with  running  water,  and  (6)  to 
lat  extent  have  the  Alps,  in  the  past  time,  been  occupied  by  snow- 
Ids  and  glaciers?  I  have  already  said  that  I  believe  that, 
mpared.  with  torrents,  glaciers  are  erosive  agents  of  secondary 
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Oxford  Clay  of  the  Trowbridge  Railway-cutting,  Wiltshire,  and  also 
in  a  piece  of  the  Oxford  Clay  of  Skye»  collected  by  Messrs.  Geikie 
and  Young,  and  there  associated  with  Esiheria.  If  its  freshwater 
habitat  in  the  Hamstead  series  be  a  criterion,  and  if  these  other 
specimens  prove  trustworthy,  it  points  to  more  freshwater  or 
estuarine  conditions  in  the  Oxfordian  Series  than  are  usuallj 
thought  of. 

6.  Gypbidka  Avsteni,  Jones. 

CyprU  ValdmM,  Fitton  (in  part).  Trans.  Oeol.  Soo.  ser.  2,  toI.  it.  1836,  p.  204, 
etc.,  pi.  21,  fig.  1.    Copied  byTarious  authors. 

Mantell,  Wonders  of  Geology,  7th  edit.  1857,  toL  L  p.  419, 

lignogr.  104,  fig.  3. 

Lyell,  Elements  of  Geology,  6th  edit  1865,  p.  346,  fig.  341. 

Mantell,  GeoL  Excurs.  Isle  of  Wight,  3rd  edit.  1874,  p.  223, 

lignogr.  25,  fig.  3. 

Cypridea  AuttenL  Jones,  GxoL.  Mao.  Dec.  II.  Vol.  Y.  1878,  pp.  109, 110,  277, 
PI.  III.  Fig.  8. 

This  oblong  Cypridea  was  figured  by  Fitton  instead  of  the  real 
ovate  C,  Valdensis,  and  it  has  been  often  copied  for  the  latter.  The 
figures  in  Mant^U's  works  quoted  above  are  given  by  him  as  repre- 
senting specimens  from  the  Wealden  beds  at  Brook  Bay,  Isle  of 
Wight.  As  snch  they  may  be  noticed  here,  although  possibly  C, 
Valdensis  may  have  been  really  intended,  and  the  figure  copied  from 
Fitton  by  mistake. 

In  the  same  lignograph  Mantell  gave  a  figure  of  Cypridea  spinigera 
(after  Sowerby's  drawing),  as  having  also  been  got  from  Brook  Bay. 
He  also  copied  his  fig.  2  from  Sowerby's  fig.  4  in  Fitton's  Memoir, 
namely,  Cypridea  granulosa  (Sow.),  the  same  as  Cypridea  faseiculata 
(Forbes),  as  an  Isle-of- Wight  specimen ;  but  that  was  certainly  an 
error,  for  that  species  occurs  only  in  the  Middle  Purbeck  beds.  See 
Q  J.G.S.  vol.  xli.  pp.  340-342. 

Cypridea  Austeni  has  been  found  at  Peaseworth,  in  Surrey,  and  at 
Shotover,  near  Oxford. 

7.  Darwinula  lkguminella  (Forbes). 

Quart.  Joum.  Geol.  Soc.  toI.  xli.  1885,  pp.  332,  333,  346,  pl.  8,  figs.  30  and  31. 

This  little  Ostracod  occurs  in  the  Weald  Clay  at  Atherfield  and 
Sandown ;  also  in  some  Wealden  beds  of  Sussex  and  Kent,  in  the 
Upper  and  Middle  Purbecks  of  Dorset,  and  the  so-called  Wealden 
(Purbeck  ?)  beds  of  North  Germany.  In  the  Grol.  Mag.  April, 
1886,  p.  147,  PI.  IV.  Figs.  4  a,  6,  c,  this  species  is  recorded  also  from 
a  Jurassic  freshwater  bed  in  Colorado. 

The  genus  is  the  type  of  a  separate  family  according  to  Brady 
and  Robertson,  **Monogr.  Post-Tert.  Entora."  1874,  pp.  116  and  140. 
As  the  name  was  changed  from  Darwinella  to  Darwinula,  the  family 
name  is  now  Darwinulida,  D,  Stevensoni,  B.  and  R.,  is  abundant  ia 
the  fen  rivers  of  the  East  of  England. 

8.  Cyprionk  Bbistovii,  Jones. 

Quart.  Joum.  Geol.  Soc.  vol.  xli.  1885,  p.  344,  pl.  viii.  figs.  27,  28,  29,  32. 

An  additional  occurrence  of  Wealden  Ostracoda  discovered  by  the 
Geological  Surveyors  in  the  Isle  of  Wight  is  a  bardish  buff-coloured 
marl,  marked  **  ii^OS  "  itom  Xk^  "  Woalden  Cliff  oppoaite  Compton 
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,**  crowded  with  Cypridea  Valdenns,  Cypridea  Dunkerit  Meia- 
FiiUmi,  and  Cyprione  Bristovii. 

b  last-mentioned  species  has  been  found  also  in  the  Tunbridge- 
I  Sand  at  Lindfield  and  Tunbridge  (?)» in  the  Wadhurst  Clay 
Hastings  and  Bexhill,  in  the  Upper  and  Middle  Purbeck  beds 
trsetshire,  and  in  the  equivalent  beds  of  North  Germany. 
Trione  probably  belongs  to  the  Danointdida. 

9.  Mbtaoypbis  Fittoni  (Mantell). 

•U  iubereulata.  Sow.  (in  part  J,  Trans.  GeoL  Soo.  ser.  2,  toL  it.  1836,  pp. 

c,  pi.  21,  fie.  2  a. 

'is  tittonif  Mantell,  Medals  of  Creation,  1844,  voL  yii.  p.  646,  lignograph  119, 

•idea  f  FitUmi,  Jones,  GxoL.  Mao.  1878,  p.  277. 

)er$  FUtonif  Jones.  Quart.  Jonm.  Geol.  Soc.  1885,  toI.  xli.  p.  333. 

teyprit  Fittoni,  Jones,  in  Prestwich's   *Oeology,'    toL   u.    1888,  p.  263, 

7«. 

is  species  is  common  in  some  beds  of  the  Weald  Olay  of  the 

f  Wight,  especially  at  Compton  Bay,— on  the  west  of  Brook 

, — at  Brixton  Bay, — at  Atherfield,  and    Sandown    Bay.      It 

B  also  at  Punfield  Cove  near  Swanage,  and  at  Pulborough  and 

igbam,  Sussex,  in  the  Weald  Clay ;    in  the  Tunbridge- Wells 

I  at  Lindfield ;  and  in  the  Wadhurst  Clay  near  Hastings.     It  is 

are  also  at  some  places  in  the  Weald  Clay  of  Kent  (near 

(tone,  Great  Chart,  Aldington,  and  Hythe),  and  the  Tunbridge- 

I  Sands  at  Langton  Green.     Also  (doubtfully)  in  the  Weald 

near  Hazlemere  in  Surrey. 

9  genus  Metacypris  was  first  noticed  by  G.  S.  Brady  in  '  Nature,' 

p.  484 ;  and  was  found  living,  but  not  abundantly,  in  the 
waters  and  "  Broads  "  of  the  East  of  England  by  G.  S.  Brady 
).  Bobertson.     There  was  only  one  species   (Af.  eordata)   met 

and  they  determined  it  as  more  probably  belonging  to  the 
iridsB  than  to  the  Cyprididss.  See  Ann.  Mag.  Nat.  Hist.  ser. 
.  vii.  pp.  19,  20 ;  vol.  ix.  p.  51 ;  and  Monogr.  Post-Tert.  Entom. 

pp.  112  and  116.  Also  Quart  Journ.  Geol.  Soo.  vol.  xli.  p.  344. 
sides  the  M,  Fitionx  mentioned  above,  there  are  several  other 
species.  M,  Forbesii  is  one  of  the  leading  fossils  of  the  Middle 
)ck  beds  of  Dorset  (Ridgway,  Durlston  Bay,  and  Mewps  Bay), 
I  p.  346.  In  the  Gkol.  Mao.  April,  1886,  p.  146,  PL  IV.  Figs. 
*,  Cf  this  species  is  also  described  from  a  Jurassic  freshwater  or 
•ine  limestone  of  Colorado,  where  it  is  associated  with  two 
species,  namely,  JIf.  Bradyi  and  M,  Whitei,^  loc,  cit.  PI.  IV.  Figs. 
,  c,  and  3  a,  &,  c.  M,  conculcata,  Jones,  from  a  similar  estuarine 
tion  at  Bahia  in  Brazil,'  as  well  as  M,  strangulata,  Jones,  from 
iry  beds  in  the  Province  of  Nagpur,  Central  India,'  are  referred 
the  same  paper,  pp.  146,  147. 

e  of  the  chief  characteristics  of  Metacypris  is  the  submedian 
irerse  suture  on  the  dorsal  region.  This  is  very  strong  in  JIf. 
It,  and  is  the  feature  which  led  ManteU  to  separate  this  species 
its  somewhat  similar  companion,  Cytheridea  tubercvlata. 

lese  tliree  species  have  been  described  briefly  and  fig:ured  in  the  *  Bulletin  U.S. 

Snnr.'  No.  29,  May,  1886,  pp.  23,  24,  pi.  iv.  Am.  22-26. 

lart  Joum.  Oeol.  Soc.  vol.  xti.  1860,  p.  266,  pi.  ztl  figs.  8  a,  b, 

id,  p.  187»  pL  X.  figs.  73  a,  b,  e,  d. 
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Oxford  Clay  of  the  Trowbridge  Railway-ontting,  Wiltshire,  and  also 
in  a  piece  of  the  Oxford  Clay  of  Skye,  collected  by  Messrs.  Geikte 
and  Young,  and  there  associated  with  Estheria.  If  its  freshwater 
habitat  in  the  Hamstead  series  be  a  criterion,  and  if  these  oUier 
specimens  prove  trustworthy,  it  points  to  more  freshwater  or 
estuanne  conditions  in  the  Oxfordian  Series  than  are  usually 
thought  of. 

6.  Gypbidka  Avstkni,  Jones. 

CyprU  VahUmit,  Fitton  (in  part),  Trani.  Geol.  Soo.  ser.  2,  toL  ir.  1836,  p.  204, 
etc.,  pi.  21,  fig.  1.    Copied  byvarious  authors. 

Mantell,  Wondere  of  Geology,  7th  edit  1857,  toL  L  p.  419, 

lignogr.  104,  fig.  3. 

Lyell,  Elements  of  Geology,  6th  edit  1866,  p.  346,  fig.  341. 

Mantell,  GeoL  £xcun.  Isle  of  Wight,  3rd  edit.  1874,  p.  223, 

lignogr.  25,  fig.  3. 

Cypridea  Auttmi^  Jones,  Gbol.  Mao.  Dec.  II.  VoL  Y.  1878,  pp.  109, 110,  277, 
PI.  III.  Fig.  8. 

This  oblong  Cypridea  was  figured  by  Fitton  instead  of  the  real 
ovate  C.  Valdensii,  and  it  has  been  often  copied  for  the  latter.  The 
figures  in  Mant'Oirs  works  quoted  above  are  given  by  him  as  repre- 
senting specimens  from  the  Weaiden  beds  at  Brook  Bay,  Isle  of 
Wight.  As  such  they  may  be  noticed  here,  although  possibly  C, 
Valdensis  may  have  been  really  intended,  and  the  figure  copied  from 
Fitton  by  mistake. 

In  the  same  lignograph  Mantell  gave  a  figure  of  Oypridea  gpimgera 
(after  Sowerby's  drawing),  as  having  also  been  got  from  Brook  Bay. 
He  also  copied  bis  fig.  2  from  Sowerby*s  fig.  4  in  Fitton's  Memoir, 
namely,  Cypridea  granulosa  (Sow.),  the  same  as  Cypridea  faseiadata 
(Forbes),  as  an  Isle-of- Wight  specimen ;  but  that  was  certainly  an 
error,  for  that  species  occurs  only  in  the  Middle  Purbeck  beds.  See 
Q  J.G.S.  vol.  xli.  pp.  340-342. 

Cypridea  Austeni  has  been  found  at  Peaseworth,  in  Surrey,  and  at 
Shotover,  near  Oxford. 

7.  Darwinula  leguminella  (Forbes). 

Quart.  Joum.  Geol.  See.  yoI.  xli.  1885,  pp.  332,  333,  346,  pi.  8,  figs.  30  and  31. 

This  little  Ostracod  occurs  in  the  Weald  Clay  at  Atherfield  and 
Sandown ;  also  in  some  Weaiden  beds  of  Sussex  and  Kent,  in  the 
Upper  and  Middle  Purbecks  of  Dorset,  and  the  so-called  Weaiden 
(Purbeck  ?)  beds  of  North  Germany.  In  the  Gkol.  Mag.  April, 
1886,  p.  147,  PI.  IV.  Figs.  4  a,  6,  c,  this  species  is  recorded  also  from 
a  Jurassic  freshwater  bed  in  Colorado. 

The  genus  is  the  type  of  a  separate  family  according  to  Brady 
and  Robertson,  **Monogr.  Post-Tert.  Entom."  1874,  pp.  116  and  140. 
As  the  name  was  changed  from  Darwinella  to  Darwinula^  the  family 
name  is  now  Darwinulida,  D.  Stevensoni,  B.  and  R.,  is  abundant  in 
the  fen  rivers  of  the  East  of  England. 

8.  Cypbionk  Bbistovii,  Jones. 

Quart.  Joum.  Geol.  Soc.  vol.  xli.  1885,  p.  344,  pi.  viii.  figs.  27,  28,  29,  32. 

An  additional  occurrence  of  Weaiden  Ostracoda  discovered  by  the 
Geological  Surveyors  in  the  Isle  of  Wight  is  a  hardish  buff-coloured 
marl,  marked  **  *690S,"  itom  \Xi^  "  W^den  Cliff  opposite  Compton 
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Chine,'*  crowded  with  Cyprtdea  Valdensi$,  Cypridea  Dunkeri,  Meta^ 
cypris  Fiitoni,  and  Cyprione  BristoviL 

The  last-mentioned  species  has  heen  found  also  in  the  Tunbridge- 
Wells  Sand  at  Lindfield  and  Tanbridge  (?),  in  the  Wadhurst  Clay 
near  Hastings  and  Bexhill,  in  the  Upper  and  Middle  Purbeck  beds 
of  Dorsetshire,  and  in  the  equivalent  beds  of  North  Germany. 

Cyprione  probably  belongs  to  the  Darwintdida. 

9.  Metaoypbis  Fittoni  (Man tell). 

QifprtM  imb^rculaia,  Sow.  (in  partj.  Trans.  GeoL  Soo.  ser.  2,  toL  it,  1836,  pp. 
177,  &c.,  pi.  21,  fie.  2  a. 

Oypris  Pittoni,  Mantell,  Medals  of  Creation,  1844,  vol  yii.  p.  646,  lignograph  119, 
fig.  2. 

Oypridem  9  Fitttmi,  Jones,  Gbol.  Mao.  1878,  p.  277. 

Cyther$  JFUtonif  Jones.  Quart.  Jonm.  GeoL  Soc.  1885,  toI.  xli.  p.  333. 

Metaeyprii  Fittoni^  Jones,  in  Prestwich's  *Oeology,'  vol  u.  1888,  p.  263, 
fig.  137a. 

This  species  is  common  in  some  beds  of  the  Weald  Clay  of  the 
Isle  of  Wight,  especially  at  Compton  Bay, — on  the  west  of  Brook 
Point, — at  Brixton  Bay, — at  Atherfield,  and  Sandown  Bay.  It 
occurs  also  at  Punfield  Cove  near  Swanage,  and  at  Pulborough  and 
Pallingham,  Sussex,  in  the  Weald  Clay ;  in  the  Tunbridge- Wells 
Sands  at  Lindfield ;  and  in  the  Wadhurst  Clay  near  Hastings.  It  is 
not  rare  also  at  some  places  in  the  Weald  Clay  of  Kent  (near 
Maidstone,  Great  Chart,  Aldington,  and  Hytbe),  and  the  Tunbridge- 
Wells  Sands  at  Langton  Green.  Also  (doubtfully)  in  the  Weald 
Clay  near  Hazlemere  in  Surrey. 

The  genus  Metacyprii  was  first  noticed  by  G.  S.  Brady  in  *  Nature,' 
1870,  p.  484 ;  and  was  found  living,  but  not  abundantly,  in  the 
tidal  waters  and  **  Broads  "  of  the  East  of  England  by  G.  S.  Brady 
and  D.  Bobertson.  There  was  only  one  species  (Af.  eordata)  met 
with,  and  they  determined  it  as  more  probably  belonging  to  the 
OytheridsB  than  to  the  Cyprididss.  See  Ann.  Mag.  Nat.  Hist.  ser. 
4,  vol.  vii.  pp.  19,  20 ;  vol.  ix.  p.  51 ;  and  Monogr.  Post-Tert.  Entom. 
1874,  pp.  112  and  116.    Also  Quart  Journ.  Geol.  Soc.  vol.  xli.  p.  344. 

Besides  the  M,  Fittoni  mentioned  above,  there  are  several  other 
fossil  species.  M,  Forbesii  is  one  of  the  leading  fossils  of  the  Middle 
Purbeck  beds  of  Dorset  (Ridgway,  Durlston  Bay,  and  Mewps  Bay), 
op.  ciL  p.  346.     In  the  Gkol.  Mao.  April,  1886,  p.  146,  PI.  IV.  Figs. 

1  a,  hi  c,  this  species  is  also  described  from  a  Jurassic  freshwater  or 
estuarine  limestone  of  Colorado,  where  it  is  associated  with  two 
other  species,  namely,  JIf.  Bradyi  and  M.  Whitei,^  loc.  cit.  PI.  IV.  Figs. 

2  a,  h,  e,  and  3  a,  (,  c.  M.  conculcaia,  Jones,  from  a  similar  estuarine 
formation  at  Bahia  in  Brazil,'  as  well  as  M,  strangulata,  Jones,  from 
Tertiary  beds  in  the  Province  of  Nagpur,  Central  India,'  are  referred 
to  in  the  same  paper,  pp.  146,  147. 

One  of  the  chief  characteristics  of  Metacypria  is  the  submedian 
transverse  suture  on  the  dorsal  region.  This  is  very  strong  in  JIf. 
Fittoni f  and  is  the  feature  which  led  Man  tell  to  separate  this  species 
from  its  somewhat  similar  companion,  Cytheridea  tuberctdata, 

1  These  tliree  species  have  been  described  briefly  and  figured  in  the  *  Bulletin  U.S. 
Geol.  Sunr.'  No.  29,  May,  1886,  pp.  23,  24,  pi.  iv,  fi?s.  22-26. 
>  Quart  Journ.  Oeol.  800.  vol.  xvi.  1860,  p.  266,  pL  xtL  figs.  3  a,  6. 
*  IM,  p.  187,  pi  X.  figs.  73  a,  b,  e,  d. 
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beyond  the  range  of  vision.  In  the  latter  oaae  I  call  in  the  aid  of 
the  \  undulation  plate :  on  inserting  this  above  the  object-glass,  the 
spectra  seen  in  the  quartz  wedge  are  shifted  op  the  wedge  towards 
its  thick  end,  and  the  dark  line  previously  beyond  the  range  of 
vision  is  brought  on  to  the  edge  of  the  wedge. 

In  the  case  of  the  above-mentioned  minerals  possessing  very  feeble 
double-refraction,  the  dark  line  appears,  as  just  stated,  at  the  eery 
edge  of  the  quartz  wedge.  In  the  case  of  sanidine,  orthoclase,  and 
other  minerals  of  equally  weak^  double-refraotiony  the  dark  line 
appears  dear  of  the  edge  of  the  wedge,  bat  no  chromatic  band  comet 
in  between  it  and  the  edge.  As  we  examine  minerals  of  higher  and 
higher  double-refraction,  we  shall  find  the  position  of  the  dark  line 
is  more  and  more  shifted  towards  the  thick  end  of  the  wedge,  and 
more  and  more  chromatic  bands  come  in  between  it  and  the  thin  end 
of  the  wedge. 

Thus,  to  give  a  few  examples  drawn  from  my  own  experience  of 
slices  prepared  by  different  lapidaries  which  are  not  all  of  equal 
thickness,  I  find  that  quartz  in  such  sections  rarely  exhibits  more 
than  one  and  never  more  than  two  chromatic  bands  between  the 
dark  line  and  the  edge  of  the  wedge;  whilst  such  minerals  as 
musoovite,  olivine,  and  actinolite,  commonly  present  three,  and  not 
un  frequently  as  many  as  five  such  bands. 

We  have  here,  then,  a  means  not  only  of  comparing  sections  of 
minerals  of  equal  thickness  in  the  same  slide,  but  sections  of  crystals 
in  different  slides,  and  we  have  a  standard  by  which  we  may  estimate 
the  strength  of  their  double-refraction.  A  mineral  of  strong  double- 
refraction  sliced  at  so  high  an  angle  to  an  optic  axis  as  to  approximate 
a  plane  normal  to  that  axis  will,  of  course,  exhibit  little  or  no  double- 
refraction,  and  in  the  phenomena  it  presents  will  resemble  a  mineral 
of  feeble  double- refraction  sliced  approximately  parallel  to  an  optic 
axis ;  but  a  mineral  of  weak  double-refraction  can  never  exhibit  the 
phenomena  characteristic  of  one  of  strong  double-refraction.  "When 
therefore,  on  testing  a  mineral  with  the  quartz  wedge,  we  find  two, 
three,  or  five,  chromatic  bands  appear  between  the  dark  line  and  the 
edge  of  the  wedge,  we  know  for  certain  that  the  mineral  possesses 
stronger  double-refraction  than  those  minerals  which  never,  in  slices 
of  normal  thickness,  present  to  our  view  more  than  owe  such 
chromatic  band. 

Even  in  the  case  of  minerals  of  strong  double-refraction  sliced 
approximately  normal  to  an  optic  axis,  we  gain  something  by 
examining  them  with  the  quartz  wedge,  for  we  learn  from  the 
position  of  the  dark  line'  that  the  section  is  one  either  approxi- 
mately normal  to  an  optic  axis,  or  is  one  of  a  mineral  of  feeble 
double  refraction.  If  the  former  is  the  case,  the  mineral  will  exhibit 
characteristic  appearances  when  examined  in  converging  polarized 
light.     If,  on  the  contrary,  it  does  not  show  any  phenomena  capable 

*  I  use  the  word  weak  to  indicate  a  slightly  higher  double-refraction  than  feehU. 
Thus,  y—a  for  chlorite  is  0*001,  but  for  sanidine  is  0*008. 

*  The  dark  line  will  not  appear  in  any  azimuth  in  a  section  quite  normal  to  an  optic 
axis.  ^ 
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of  interpretation  when  examined  in  the  usual  way  with  converging 
polarized  light,  we  know  that  we  have  before  us  not  an  axial  section, 
but  a  mineral  of  weak  double-refraction  sliced  in  another  direction. 

In  cases  where  a  mineral  is  of  such  microscopic  size  as  to  be  less 
in  diameter  than  the  width  of  one  of  the  chromatic  bands  exhibited 
by  it,  we  can  still  easily  count  the  number  of  chromatic  bands  that 
come  in  between  the  dark  line  and  the  thin  edge  of  the  wedge,  if 
we  confine  our  observations  to  one  colour  (red  I  find  the  most  con- 
venient), and,  as  we  move  the  wedge  forward  over  the  mineral,  count 
the  number  of  times  it  assumes  that  colour  before  extinction  takes 
place  on  the  micro-crystal  entering  the  dark  line  or  region  of  no 
double-refraction. 

In  the  examination  of  pounded  fragments  of  minerals  with  the 
aid  of  a  quartz  wedge  we  must  carefully  consider  the  element  of 
thickness,  and  we  must  confine  our  observations  to  flat  surfaoea 
parallel  to  the  plane  of  the  glass  slide. 

As  an  illustration  of  the  close  approach  to  accuracy  that  may  be 
obtained  by  the  use  of  the  quartz  wedge  in  the  way  described  above, 
I  may  mention  the  following  example.  As  Rosenbusch  does  not  give 
the  value  of  7 — a  for  sphene  in  his  Mieroihopi$che  Phynograpkie,  1 
recently  wrote  to  inquire  of  a  friend  whether  he  could  give  me  the 
required  information,  and  I  expressed  at  the  same  time  my  con- 
viction that  the  double-refraction  of  sphene  was,  in  intensity,  some- 
where between  that  of  zircon  and  calcite.  It  turned  out  that  the 
refractive  indices  of  sphene  have  been  worked  out  by  M.  Levy  and 
Lacroix,  and  are  given  in  their  book  Le9  Miniraux  de$  Bochea  just 
published.  (7— a)  or  (n^—np)«  0-121.  So  that  sphene  really  oc- 
cupies the  position  I  had  assigned  to  it  on  the  evidence  afforded  by 
the  rough  and  ready  use  of  the  quartz  wedge ;  the  values  of  7 — a 
for  the  three  minerals  being :  calcite,  0*172  (Rosenbusch) ;  sphene, 
0*121  (M.  Levy) ;  and  zircon,  0*060  (Rosenbusch). 


YI. — On  a  Remarkable  Dtke  in  the  Sebpentine  of  the  Lizabd. 

By  Albx.  Sombrtail. 

* 

THE  dyke  in  question  occurs  at  the  extreme  north  end  of 
Pentreath  Beach,  which  is  about  a  quarter  of  a  mile  to  the 
south-east  of  Eynance  Cove. 

The  dyke  forms  a  portion  of  the  "granulitic  group"  of  Prof. 
Bonney,  which  is  now  known  to  be  of  igneous  origin,  and  consists 
of  banded  gneissic  rocks,  some  of  which  are  like  a  granite,  other 
portions  like  a  diorite,  the  latter  always  more  or  less  porphyritic. 

This  rather  complex  rock  is  here,  as  in  many  other  localities,  thrust 
through  the  serpentine,  but.  in  this  particular  instance,  it  exhibits 
more  remarkable  features  than  any  other  dyke  known  to  me  in  the 
Lizard  area. 

The  dyke  forms  the  central  part  of  a  small  chine  or  gully.  It 
rises  from  the  shore  to  the  top  of  the  cliff,  which  is  about  150  feet 
in  height,  and  can  easily  be  followed  throughout  its  entire  upward 
course,  as  the  cliff  here  is  not  very  precipitous.    The  decompositioa 
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of  the  dyke  along  with  that  of  the  serpentine  on  either  side  of  it 
being  the  cause  of  the  gully. 

From  the  main  trunk  of  the  dyke  near  its  base  a  number  of 
branohes  or  veins  are  sent  off  which  traverse  the  serpentine  more 
in  a  lateral  and  diagonal  direction  than  a  vertical  one,  as  does  the 
parent  mass. 

These  processes  when  taken  together  display  a  wonderful  variety 
of  rocks,  most  of  which  are  to  be  found  in  the  main  dyke.  These 
rocks  in  their  extremes  vary  from  a  dull-looking  trap,  which  many 
would  term  a  dolerite,  to  a  dark  lustrous  diorite,  full  of  sparkling 
hornblende,  then  a  greyish  and  also  a  reddish  granite,  followed  by 
milk-white  quartz,  also  masses  of  flesh-coloured  felspar,  with  large 
plates  of  biotite,  as  well  as  some  intermediate  varieties  of  these 
rocks.  At  a  height  of  about  60  feet  from  the  beach,  in  the  main 
dyke  on  the  north  side  of  the  gully,  the  diorite,  granite,  etc,  are 
well  mingled  together,  and  other  alternations  are  found  at  other 
portions,  as  well  as  in  the  branches  where  the  dull-looking  trap 
occurs. 

The  inference  to  be  drawn  from  these  facts  is,  I  think,  that  all  the 
minerals  and  rocks  mentioned  have  been  differentiated  out  of  the 
same  magma  during  the  cooling  process,  the  ordinary  selective  law 
of  chemical  affinity  separating  the  basic  from  the  acidic  types. 

The  lesson  to  be  derived  from  this  dyke  also  seems  to  me  to  have 
a  very  important  bearing  on  the  other  rooks  of  the  same  area. 

De  la  Beche,  followed  by  Prof.  Bonney,  regards  the  schists, 
serpentine,  gabbro  and  the  granitic  veins  as  belonging  to  widely 
separated  intervals  of  geological  time.  When  these  are  viewed  in 
their  massive  relations  to  each  other,  there  seems  much  to  support 
tliis  view,  an  opinion  in  which  I  also  at  one  time  partially  shared; 
but  repeated  examinations  have  shown  me  that  certain  relations 
which  held  good  in  one  district  were  very  obscure,  or  flatly  contra- 
dicted, in  another.  In  fine,  the  whole  of  these  rocks  (schists 
included)  really  seem  more  or  less  to  interlace  each  other,  and  to  be 
the  product  of  one  great  period  of  eruption,  if  not  the  product  of 
the  same  magma,  heterogeneous  or  complex  it  may  have  been, 
rendered  still  more  so,  by  cooling  under  different  conditions. 

Among  other  proofs  of  this,  there  is  what  seems  to  me  a  very 
decided  transition  of  the  various  Lizard  rocks  into  each  other,  not 
promiscuously  perhaps,  but  by  way  of  the  hornblende  into  the 
serpentine,  also  the  hornblende  into  the  gabbro.  In  the  former  case, 
as  in  the  intermediate  varieties  of  these  rocks  forming  the  islands 
and  coast  of  Kynance  Cove,  and  of  many  other  localities.  In  the 
latter  case,  as  in  the  curious  mingling  of  the  gabbro  with  the 
"granulitic"  portion  of  the  hornblende  so  often  forming  a  gabbro- 
homblende-schist,  as  at  the  Balk  and  Lean  Water. 

The  lesson  of  the  dyke  would  yet  further  seem  to  teach  us  that 
however  much  subsequent  dynamic  action  may  have  affected  these 
Lizard  rocks,  their  strongly  contrasted  varieties  are  much  less  due 
to  this  cause,  even  when  combined  with  any  chemical  change  which 
jmight  arise  therefrom,  than  to  a  highly  heterogeneous  magma,  inter- 
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mittent  in  its  outbursts,  and  cooling  under  widely  different  condi- 
tions, affecting  the  attraction  or  repulsion  of  its  mineral  constituents. 
The  whole  of  these  Lizard  rocks  bear  the  impress  of  this  later 
mechanical  and  chemical  change,  but  the  broader  features  due  to 
these  original  and  subsequent  causes  should,  I  think,  be  distinctly 
separated  and  clearly  recognized. 


YIL — ^Prslihinaby   Notes  on   some  Oooubbenoes  of  Taohyltte 

IN  Mull. 

By  Pbrot  F.  Kendall, 
Afltistant  Lecturer  on  G«olo£^  at  the  Owens  College. 

THE  following  notes  have  been  compiled  in  order  that,  pending 
the  publication  of  the  results  of  microscopic  and  chemical 
examination  of  the  specimens  collected,  geologists  visiting  the 
island  may  have  an  accurate  localization  of  the  dykes  and  intrusive 
sheets  bearing  glassy  selvages  observed  by  the  writer  and  Mr.  J. 
Lomas,  A.N.S.S.,  during  a  recent  visit  to  Mull.  The  list  includes, 
for  the  sake  of  completeness,  three  occurrences  of  tachylyte  which 
have  already  been  described,  viz. : — Some  and  Gribun  ^  and  Ardtun.* 

The  writer  has  not  visited  Some,  but  found  the  tachylyte  at 
Ardtun,  and  re-discovered  that  at  Gribun,  in  May,  1887.  The  last 
two  exhibited  certain  peculiarities  which  appear  to  have  hitherto 
escaped  notice,  and  will  be  alluded  to  in  the  sequel.  It  is  probable 
that  some  of  the  examples  will  prove  upon  examination  to  be  more 
acid  than  the  true  tachyljtes. 

In  the  table  which  follows,  the  word  ''  country  "  is  employed  as 
a  convenient  term  to  indicate  the  rock  through  which  a  dyke  or 
intrusive  sheet  passes,  or,  briefly,  in  the  miner's  sense. 

Many  dykes  which  once  possessed  glassy  selvages  have  undergone 
a  process  of  decomposition,  which,  while  removing  all  trace  of  actual 
glass,  yet,  leaves  characteristic  appearances  which  are  quite  unmis- 
takable, though  difficult  to  describe.  Among  the  200  or  300  dykes 
examined  in  Mull,  a  very  large  proportion  are  in  this  condition. 

The  tachylyte  is  occasionally  very  local  in  its  distribution,  and 
may  be  present  only  in  small,  widely-separated  patches. 

As  a  general  rule  it  is  thickest  on  the  outsides  of  the  curves  of 
sinuous  dykes  (e,g,  A.  12). 

The  character  of  the  **  country "  appears  to  have  influenced  the 
formation  of  glassy  selvages,  hard  and  compact  rock  being  a  better 
conductor  of  heat  than  loose  decomposed  or  vesicular  material  has 
favoured  their  production.  This  has  been  observed  in  numerous 
instances  of  which  A.  12  may  be  taken  as  the  most  conclusive.  The 
dyke  can  be  traced  across  the  junction  of  a  sheet  of  compact  basalt 
with  an  underlying  highly  vesicular  rock,  and  thence  on  into  the 
compact  rock  again,  and  it  can  be  seen  that  in  the  compact  rock  the 
tachylyte  is  \  in.  thick,  while  in  the  softer  rock  it  is  reduced  to  a 
mere  film.     Occasionally,  in   following    up  a  dyke  the  tachylyte 

1  Jndd  and  Cole,  Q.J.G.S.,  toI.  zxxiz.  >  Cole,  Q.J.6.S.,  toI.  zUt. 
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giveR  place  to  a  blaok  or  greenish  Bubstance  having  a  hardness  of 
about  2. 

Several  cases  have  been  noted  in  which  small  strings  have  been 
given  off  consisting  wholly  of  tacbylyte,  for  example  stn'ngs 
descend  from  the  Ardtun  intrusive  sheet  between  the  ooloms  of  the 
basalt  *'  country  "  to  a  distance  of,  at  the  least,  four  feet. 

A  good  test  for  intrusive  sheets  when  the  stratigraphical  evidence 
is  inconclusive  has  long  been  a  desideratum,  and  it  may  be  that 
certain  peculiarities  in  those  observed  in  Mull  may  prove  really 
diagnostic  when  a  sufficient  number  of  examples  have  been  examined 
to  justify  generalisation. 

The  Ardm6r  intrusive  sheet  (S.  1)  was  recognized  as  such  in 
the  first  instance  by  the  extraordinary  sharpness  of  the  plate-like 
columns  and  subsequently  the  determination  was  confirmed  by  the 
discovery  of  the  tachylyte  selvages.  This  sheet  is  amygdaloidal 
in  the  middle  and  the  same  peculiarity  is  presented  by  other  intrusive 
sheets,  and  also  by  many  dykes  {e.g.  G.  A.)  in  Mull,  while,  as  is 
well  known,  lava-streams  are  vesicular  tdp  and  bottom. 

In  conclusion,  the  writer  desires  to  express  his  conviction  that, 
when  Mull  comes  to  be  fully  surveyed,  dykes  with  tachylyte 
selvages  will  be  numbered  by  hundreds,  or,  it  may  be,  even  by 
thousands. 

Note  hy  Bernard  Hohson,  Esq.,  B.Sc. — On  the  coast,  between  tide- 
marks,  to  East  of  the  *^  principal  ravine  "  of  Mr.  Starkie  Gardner,  at 
Ard  Tun,  are  two  intrusive  sheets,  each  about  one  foot  thick,  one 
above  the  other,  with  only  2  or  3  inches  between  them.  They  are 
intruded  into  the  basalt,  and  each  sheet  bears  a  thick  selvage  of 
tachylyte  both  above  and  below,  the  mass  of  the  sheet  being  charac* 
terized  by  large  spherulites,  clearly  visible  to  the  naked  eye, 
especially  when  the  rock  is  wet.  The  sheets  are  irregularly  colum- 
nar aud  their  surfaces  where  exposed  by  erosion  of  the  **  country," 
present  a  striking  appearance  owing  to  their  brilliant  glassy  black- 
ness. 

VIIT. — Notes  on  the  **Monian  System"  of  Professor  Blake. 

By  Ch.  Callaway,  D.Sc,  F.G.S. 

AS  Professor  Blake,  in  his  elaborate  paper  in  the  Quarterly  Journal 
of  the  Geological  Society  for  August  last,  makes  frequent 
reference  to  my  work  in  Anglesey,  I  may  perhaps  be  permitted  a 
brief  comment.  I  do  not  intend  to  enter  upon  an  elaborate  con- 
troversy, since  I  prefer,  now  that  the  two  views  of  the  district  have 
been  published,  that  those  interested  in  the  matter  should  visit  the 
ground,  and  judge  for  themselves.  Nevertheless,  it  is  well  that  the 
salient  points  of  agreement  and  difference  between  the  two  readings 
should  be  placed  in  a  clear  light. 

On  the  fundamental  question — the  Archaean  age  of  the  bulk  of 

the  Anglesey  crystallines  and  altered  slates — Prof.  Blake  is  at  one 

with  Dr.  Hicks,  Prof.  Bonney,  and  myself;  but  he  differs  from  those 

1^      geologists  who  place  a  part  of  our  Archaean  in  the  Ordovician,  and 
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from  Sir  A.  0.  Hamsay,  who  referred  the  whole  to  post-Archaean 
times.  The  chief  differcDce  hetween  Prof.  Blake  and  myself  is 
that  whereas  I  subdivide  the  Archssans  of  Anglesey  into  two  groups, 
which,  to  avoid  theory,  I  simply  described  as  Oneisnic  and  Slaty ; 
he  desires  to  lump  them  together  as  one  system  called  Monian. 
This  divergence  of  opinion  is  not  very  serious.  If  stratigraphical 
links  between  two  formations  can  be  detected,  it  may  (and  it  may 
not)  be  desirable  to  give  them  one  name.  The  question  is.  Are 
Prof.  Blake^s  links  strong  enough  ? 

Before  answering  this  query,  I  should  like  to  indicate  one  or  two 
additional  points  on  which  I  am  happy  to  express  acquiescence  with 
Prof.  Blake.  When  I  first  studied  the  rocks  of  Anglesey,  nearly 
ten  years  ago,  I  held  the  current  views  on  metamorphism.  Most 
geologists  of  that  day  believed  that  mineral  banding  in  schists 
generally  followed  an  original  sedimentation,  and  the  evidence  then 
available  tended  to  support  that  view.  Accordingly,  when  I  saw 
granite  interbanded  with  schists  in  parallel  beds,  I  followed  Dr. 
Hicks  and  Prof.  Bonney  in  concluding  that  this  granite  was  of 
metamorphic  origin.  We  have  since  then  learned  much  of  the 
wonderful  effects  produced  by  pressure.  I  have  accordingly  studied 
some  of  my  former  sections  in  the  light  of  the  new  theories,  and 
have  adopted  a  different  interpretation  of  some  of  the  old  facts.  I 
hold  that  the  granitoid  mass  in  the  (Centre  of  the  island  is  truly 
igneous,  and  sends  apophyses  into  the  adjacent  schists ;  also  that 
some  of  these  schists  themselves  are  igneous  rocks,  diorite  and  felsite, 
which  have  been  metamorphosed  by  mechanical  and  chemical  energies. 
It  will  be  seen  that  I  thus  go  beyond  Prof.  Blake  himself,  who,  as 
I  understand  him,  assigns  a  plutonio  igneous  origin  only  to  the 
granite  and  the  modified  diorite.  My  views  were  given  in  outline 
to  the  British  Association  in  1887,  before  I  knew  that  Prof.  Blake 
had  come  to  similar  conclusions. 

How  far  do  the  new  theories  affect  my  old  work  ?  Simply  thus : 
my  time-succession  of  the  Older  Archasans  becomes  a  mineral  succes- 
sion. The  mapping  and  sections  remain  substantially  the  same, 
but  the  element  of  time  must  be  transferred  from  a  supposed  order 
in  deposit  to  the  order  in  which  the  igneous  masses  were  extruded 
and  to  the  period  or  periods  of  their  metamorphism. 

My  descriptions  of  the  Newer  Arohsaan  rocks  are  in  the  main 
accepted  by  Prof.  Blake ;  but  he  has  added  many  observations  made 
in  districts  not  studied  by  me.  These,  if  confirmed,  will  prove  to 
be  of  much  interest 

A  little  more  care  would  have  saved  Prof.  Blake  some  trouble. 
He  elaborately  attempts  to  refute  my  (supposed)  opinion  that  the 
rocks  of  Paris  Mountain  are  of  Archasan  age.  It  is  true  that  in  my 
map  I  placed  this  mass  in  the  Archadan,  because  it  was  necessary  to 
put  it  somewhere,  and  the  evidence  seemed  to  me  to  turn  a  little  in 
favour  of  the  Archaean  view ;  but  in  the  text  (Quart.  Joum.  Geol. 
Soc.  May,  1881,  pp.  222  and  224),  I  expressly  declined  to  assign  any 
age  to  the  rooks,  and  to  that  scepticism  I  still  adhere. 

To  return  to  our  main  question:   Is  there  only  one  Archaean 

DBCADI  in. — TOL.   T. — MO.   XII.  S6 
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system  in  Anglesey  ?  In  arguing  for  two  groups,  I  assigned  some 
importance  to  the  evidence  of  included  fragments.  Prof.  Boooej 
(supra,  p.  235)  states  that  the  Llanfechell  Grit  (Newer  Archaean) 
contains  *'  detrital  materials  almost  certainly  deriyed  from  the  older 
gneissic  and  schist  rocks  of  this  part  of  North  Wales."  Again,  in 
the  Quarterly  Journal  for  1884,  p.  676,  I  contended  that  the  basement 
Pala^zoics  near  Tywyn  contained  fragments  of  slaty  rock,  and  that 
a  mass  of  the  same  slate  in  tiiu  included  rounded  pieces  of  the 
adjacent  granite.  Prof.  Bonney,  after  microscopic  examination, 
unhesitatingly  confirmed  my  identifications.  Prof.  Blake,  however, 
contests  both  points.  He  says  that  none  of  the  fragments  in  the 
Llanfechell  Grit  are  ''indubitably  schists."  Prof.  Bonney,  at  my 
desire,  has  re-examined  the  rock,  and  thus  ¥nrite8 : — 

"  My  description  is  accurate.  There  are  several  fragments  of  a 
▼ery  fine-grained  schist  consisting  of  quartz  and  a  flaky  green 
mineral,  which  is  either  chlorite  or  an  altered  biotite,  so  far  as  I  can 
make  it  out.  These  much  resemble  some  of  the  finer-grained 
schists  of  Anglesey  in  my  collection.  Of  course,  in  some  crystalline 
schists  one  cannot  say  how  much  of  the  structure  may  be  due  to 
mineral  segregation,  or  to  veining  subsequently  modified ;  but  in 
the  ordinary  sense  of  the  words  these  are  bits,  not  of  vein  sub- 
stance, but  of  schist  Probably  Prof.  Blake  was  unlucky  with  bis 
specimen."  In  reference  to  the  last  suggestion,  I  may  say  that  both 
professors  have  studied  the  $ame  slide. 

The  slate  near  Tywyn  is  regarded  by  Prof.  Blake  as  a  "  diabase." 
The  slides  of  this  slate  originally  described  by  Prof.  Bonney  have 
been  again  examined  by  him.  This  is  what  he  says  about  them : — 
**  My  descriptions  are  accurate.  There  ipust  be  some  misunder- 
standing about  the  locality,  for  I  cannot  realize  the  possibility  of 
such  a  mistake  being  made  as  to  call  this  rock  a  diabase."  Prof. 
Blake  ^  appears  to  have  no  doubt  that  his  ''  diabase  "  is  the  same  as 
my  "slate,"  and  from  his  description  I  should  think  he  was  right; 
though  his  examination  of  the  ground  w£is  so  incomplete  that  be 
did  not  even  find  the  conglomerate  and  grit*  which  rest  on  the 
eastern  side  of  the  granite  axis.  If  then  Prof.  Blake  has  rightly 
identiBed  his  "diabase"  with  my  "slate,"  we  are  driven  to  make 
a  choice,  on  the  microscopic  question,  between  him  and  Prof. 
Bonney.  Prof.  Blake  will  forgive  me  if  I  prefer  Prof.  Bonney 's 
opinion  to  his. 

Having  thus  disposed  of  the  argument  from  included  fragments, 
Prof.  Blake  attempts  to  prove  that  there  is  a  passage  between  my 
lower  and  upper  groups.  It  would  take  a  paper  of  many  pages  to 
discuss  this  point.  Whatever  there  may  be  in  spots  1  have  not 
visited,  I  am  bound  to  say  that  in  those  districts  known  to  me  Prof. 
Blake's  efibrts  to  connect  the  gneissic  rocks  with  the  slaty  appear 


^ 


»  In  a  note  to  p.  483,  Prof.  Blake  has  **  little  doubt "  that  I  sent  to  Prof.  Bonney 
fragments  included  in  the  Palaeozoic  in  mistake  for  ppecimens  of  the  rock  i«  «<«••' 
I  make  no  comment  on  this  suggestion,  as  1  am  unwilling  to  believe  it  was  seriously 
iatended. 

•  Bereral  specimena  were  described  in  my  paper  (Noe.  124,  125,  126). 
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to  me  quite  unsuccessful.  I  will  give  two  examples.  In  the 
Llangefni  *'  syncline/'  Prof.  Blake  wishes  to  construct  a  sequence 
from  the  grey  gneiss  up  to  the  Llangefni  conglomerates.  He  admits 
a  fault  somewhere  to  the  east  of  the  gneiss  ;  but  says  that  ''the  throw 
of  the  fault  may  ^  not  be  great,  and  the  lowest  rocks  exposed  (to  the 
east  of  the  fault)  may  not  be  far  above  the  grey  gneiss."  Again : 
the  rocks  to  the  east  of  the  fault  pass  downtoardB  into  the  Llangefni ' 
conglomerate ;  but  Prof.  Blake  comes  to  the  conclusion  that  this  order 
is  inverted,  and  he  offers  as  his  main  proof  the  proposition  that  if 
there  is  no  inversion,  the  order  is  different  from  that  which  obtains 
elsewhere.  But  I  am  not  at  all  satisfied  what  is  the  normal  succes- 
sion, and  I  do  not  think  that  Prof.  Blake  has  established  it.  In  this 
district,  then.  Prof.  Blake's  demonstration  rests  upon  two  hypotheses 
and  an  unproved  inversion. 

Again,  in  the  area  south-west  of  Mynydd  Llwydiarth,  our  author 
is  *'  led  to  see  there  is  an  undisturbed  succession "  between  my 
Gneissic  and  Slaty  groups,  although  he  admits  that  the  ground  is 
''broken."  It  is  broken,  with  a  vengeance,  and  any  attempt  to 
mend  it  into  "an  undisturbed  succession "  is  doubtful  in  the  extreme. 

If  Prof.  Blake's  "  Monian  System  "  is  of  any  value,  it  must  be 
applicable  to  other  regions.  Its  author  applies  it  to  Shropshire. 
The  Longmyndian '  group  is  referred  to  "  Upper  Monian " ;  the 
Uriconian  and  Malvernian  are  lumped  together  as  "  Middle  Monian." 
The  Longmyndian  is  placed  in  the  "  Upper  Monian,"  because  it  is 
correlated  with  the  Bray  Head  Series  (elsewhere  affirmed  to  be 
Upper  Monian)  by  its  fossils.  This  fossil  evidence  is  entirely  new 
to  me.  When  we  have  seen  it,  we  shall  be  able  to  judge  of  its 
value.  As  the  Longmyndian  is  largely  derived  by  denudation  from 
the  Uriconian,  there  must  be  a  considerable  gap  between  the  two. 
Again,  there  must  be  a  marked  break  between  the  Uriconian  and  the 
Malvernian,  for  the  latter  underwent  its  metamorphic  change  (by 
whatever  means)  before  the  Uriconian  period,  and  its  dominant  strike 
is  discordant  to  that  of  the  newer  series.  And  if  the  Malvernian 
is  only  "  Middle  Monian,"  where  shall  the  "  Lower  Monian "  be 
found  ?  But  to  those  who  know  the  Shropshire  rocks,  the  attempted 
correlations  will  appear  so  unsubstantial  that  any  argument  I  can 
urge  will  almost  seem  like  beating  the  air. 

If  the  Longmyndian  is  Archaean,  Shropshire  and  Malvern  will 
furnish  us  with  a  threefold  subdivision  of  the  Archsean  rocks,  the 
Malvernian,  the  Uriconian,  and  the  Longmyndian  ;  and  I  submit  that 
these  will  make  far  better  types  than  the  battered  fragments  of 
Archsean  rock  in  Anglesey.  If  the  Uriconian  is  Pebidian,  of  course 
Dr.  Hicks's  term  has  priority. 

^  The  italics  are  mine. 

*  Prof.  Blake  calls  this  an  '*  agglomerate."  As  the  contained  fragments,  which 
are  rounded,  are  mainly  qnartzite,  with  grits  and  homstone  in  smaller  proportion,  I 
do  not  see  the  applicability  of  the  term. 

^  I  used  this  name  for  the  Longm3rnd  series  in  a  paper  contributed  to  the  Trans- 
actions of  the  Shropshire  Archaeological  Society  in  1887,  on  the  ground  that  its 
Cambrian  age  was  doubtful. 
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L— NOTB    ON    THK    OOOUBRENOE    OF    LeUCITB    AT   EtNA.'      Bj  H.   J. 

Johnston-Layis,  M.D.,  F.Q.S. 

SOME  years  since,  whilst  on  a  visit  to  Etna,  my  attention  was 
drawn  to  some  superficially  placed  tuffs  of  a  chocolate  to  a 
coffee-brown  colour.  In  these  tuffs,  near  the  Casa  del  Bosco,  are 
observable  included  pieces  of  scoriaceous  lava  which  to  the  naked 
eye  are  evidently  leucitic;  that  mineral  occurring  in  well -formed 
cr3'8tals  attaining  to  some  millimetres  in  diameter,  and  brilliantly 
white  as  the  result  of  fairly  advanced  kaolinization.  In  consequence 
of  this  change  the  rock  is  excessively  friable,  and,  therefore,  difiScuIt 
to  sectionize.  A  section  of  it,  however,  was  exhibited  at  the  meeting, 
and  also  two  photo-micrographs  therefrom.  In  these  it  will  be  seen 
that  kaolinization  has  extended  along  the  fracture  planes  of  the 
leucites,  whilst  the  beautifully  formed  pyroxene  crystals  are  unaltered, 
and  the  tridinic  felspars  are  fairly  in  a  normal  condition.  The  base 
is  a  miorolitic  net-work  of  felspar  and  pyroxene,  together  with 
beautifully  minute  cubes  and  octahedra  of  mtignetite,  rendering  the 
substance  intervening  between  the  crystals  almost  opaque,  even  in 
thin  sections.  The  pyroxene  is  often  enveloped  in  a  casing  of  leucite, 
as  at  Vesuvius,  Boccamonfina,  etc.,  confirming  what  I  have  asserted 
in  other  places,  namely,  that  leucite  is  one  of,  if  not  the  latest  mineral 
to  crystallize. 

I  regret  that  I  have  not  the  opportunity  of  investigating  the  question 
of  the  origin  and  age  of  this  rock  more  completely,  as  on  writing 
to  my  friend  Prof.  0.  Silvestri,  inquiring  if  leucite  had  yet  been 
encountered  at  Etna,  I  received  a  categorical  answer  in  the  negative 
which,  coming  from  such  an  authority,  must  be  taken  as  conclusive 
as  to  the  rarity  of  leucitic  rocks  being  produced  from  Etna. 

The  discovery  of  this  mineral  at  Etna  is  what  one  would  have 
looked  for,  knowing  as  we  do  its  wide  distribution  in  nearly  all  the 
other  late  basic  volcanoes  of  Italy. 


II. — An  Igneous  Succession  in  Shbopshibe.*     By  W.  W.  Watts, 
M.A.,  F.G.S.,  Fellow  of  Sidney  College,  Cambridge. 

rilHE  author  described  the  succession  of  igneous  rocks  in  the  Shelve 
JL  and  Comdon  district  of  Shropshire.  1.  There  is  a  series  of 
andesitic  ashes  interbedded  at  two  principal  horizons  in  the  Ordo- 
vician  sequence.  These  have  a  percentage  of  silica  varying  from 
63-60.  2.  Then  come  three  sets  of  intrusive  masses,  a.  Andesttes 
(59-54  per  cent  of  silica)  ;  these  are  intruded  into  Ordovician 
rocks  and  never  touch  the  Silurian  of  the  district.  6.  Dolerites  (49- 
47  per  cent,  of  silica),  which  are  post-Silurian  in  date.  c.  Ptcritei 
(40^4  per  cent  of  silica),  of  later  date.  There  are  undoubtedly  rocks 
intermediate  in  age  and  composition,  but  it  is  difficult  to  be  quite  sure 
of  this  where  the  differences  in  composition  are  so  slight.     One^ 

1  Read  before  Section  C.  (Geology)  British  Association,  Bath,  September,  1888. 
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however,  the  dolerite  of  Llanfawr,  is  a  very  basic  dolerite,  coming 
between  the  normal  dolerites  and  picrites.  In  minerals  a  similar 
transition  is  to  be  noted.  The  andesites  are  rich  in  hypersthene, 
the  dolerites  rather  richer  in  augite,  while  olivine  and  brown  mica 
occur  in  the  picrites.  The  author  believed  that  the  felspars 
became  most  basic  in  the  more  basic  rocks,  but  he  had  not  yet  fully 
investigated  this  point.  Another  curious  point  was  that  the  mineral 
^grog&tos  in  the  glomero-porphyritic  andesites  are  practically  pieces 
of  the  ophitic  dolerites.  The  determination  of  the  specific  gravities 
gave  a  similar  sequence,  the  lighter  rocks  having  been  intruded  last. 
Each  of  the  irruptive  rocks  occurred  in  laccolites  along  the  main 
antidine  of  the  district,  and  also  in  the  dykes  and  fault  lines. 


III. — On  the  Loweb  Oabbonifehous  Rocks  of  Glouoestebshibe.^ 
By  E.  Wethebed,  F.G.S.,  F.C.S.,  F.B.M.S. 

IN  Oloucestershire  there  are  two  Coal-fields,  namely,  that  of  Bristol 
and  the  Forest  of  Dean.  The  Carboniferous  Limestone  Series 
of  Gloucestershire  was  long  ago  divided  by  Sir  H.  De  La  Beche 
as  follows: 

IJppBB  MnTUBS  07  Sandstovbs. 

Clifton.  ForMt  of  Deu. 
Feet.  Feet. 

Marls  and  limestones      400  146 

Central  Portion 1438  480 

Lower  Shales    600  166 

2338  791 

The  author  has  proposed  some  detailed  alterations  with  regard  to 
the  Bristol  Coal-field  which  are  stated  in  the  Quart  Joum.  GeoL  Soc. 
for  1888,  p.  187,  but  the  above  divisions  have  been  generally  accepted 
under  the  terms  Lower  Limestone  Shales,  Carboniferous  Limestone, 
and  Upper  Limestone  Shales.  Professor  Hull  has  given  a  classifica- 
tion of  the  Carboniferous  Series  throughout  the  country  (Quart.  Joum. 
Geol.  Soc.  1877),  based  on  the  various  stages  which  occurred  during 
the  deposition  of  the  rocks.  The  author  supports  the  principle  of 
that  classification,  and  is  of  opinion  that  the  Lower  Carboniferous 
rocks  of  Gloucestershire  might  be  correlated  with  the  same  formation 
in  the  North  of  England.  If  this  could  be  done,  it  might  be  possible 
to  adopt  terms  for  the  respective  stages  which  would  appl}'  to  the 
North  and  South  of  England,  and  thus  avoid  the  complication  of 
terms  now  in  use. 

The  author  then  recited  the  stages  which  occur  in  the  Carboniferous 
Limestone  of  Gloucestershire.  Above  the  Old  Red  Conglomerate 
there  appears  a  series  of  sandy  beds  which  are  best  developed  in  the 
Forest  of  Dean.  These  consist  of  micaceous  green  shales  and  red, 
purple  and  yellow  sandstones.  Some  are  calciferous  and  readily 
effervesce  when  treated  with  acid.  No  fossils  have  been  found,  but 
quartz  pebbles  occur  in  some  of  the  beds. 

The  strata  just  referred  to  pass  up  into  limestone  and  shales,  the 

1  Bead  before  Section  C.  (Geology)  BritiBh  Association,  Bath,  September,  1888. 
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Bo-cal(ed  Lower  Limestone  Shales.  Id  the  Forest  of  Dean  the  h'me- 
8 tones  are  largely  made  up  of  the  valves  of  Ostracoda.  among  which 
the  following  have  been  determined :  Kirkbya  variabUi$y  K. 
plicata,  Cytherella  extuberata,  Bythoeyprii  BublwMta,  and  Darwinda 
bemiciana  (?).  Among  the  other  fossils  which  are  numerous  may 
be  mentioned  Aihyris  Boyssii,  BhynchaneUa  pleurodon,  EneriniteB,  and 
Folyzoa,  Among  the  latter  the  following  have  been  determined: 
EhabdomeBon  gradh^  Phill.,  and  Feneslella  tuberculocarinata,  Ether, 
jun.  In  the  Lower  Limestone  Shales  of  the  Bristol  Coal-field 
Ostracoda  are  not  so  plentiful,  though  in  some  beds  the  valves  of 
these  small  Crustacea  are  numerous.  Bhynchonella  plewrodon,  Athyrit 
Boyssii,  Produetua,  Spirifera,  Crinoids,  and  Polyzoa  occur.  At  Clifton 
the  Lower  Shales  are  followed  by  a  Crinoidal  Limestone  known  as 
the  Black  Rock,  which  is  about  490  feet  thick  and  is  not  represented 
in  the  Forest  of  Dean.  The  Black  Rock  series  are  followed  by 
70  feet  of  Dolomite,  and  then  by  about  100  feet  of  white  oolitic 
limestone  which  the  author  regards  as  the  true  base  of  the  Middle 
or  Carboniferous  Limestone.  The  author  has  grouped  the  Lower 
Limestone  Shales  with  the  Black  Rock  under  the  term  Lower  Lime- 
stones, and  he  considers  the  stage  to  occupy  the  horizon  of  the 
Tuedian  and  Calciferous  series  of  the  North  of  England  and  Scotland. 
As  to  the  sandy  beds  which  lie  between  the  Old  Red  Conglomerate 
and  Lower  Limestone  Shales,  the  author  regards  them  as  the  equiva- 
lent of  the  lower  portion  of  the  Transitional  series  of  Phillips  and 
the  Calciferous  of  Scotland.  The  true  upper  limits  of  the  Old  Ked 
Sandstone  should  be  drawn  at  the  Old  Red  Conglomerate. 

As  to  the  Middle  Limestone  there  can  be  no  doubt  that  it  is  the 
equivalent  of  the  Carboniferous  Limestone  as  generally  understood, 
a  term  which  the  author  thinks  objectionable,  and  he  would  term 
the  whole  series  Carboniferous  Limestone.  The  Middle  Limestone 
is  largely  made  up  of  Foramini/era  and  Calcisphiera,  but  Corals. 
Polyzoa,  Crinoids,  and  shells  occur,  sometimes  in  quantity.  In  the 
Forest  of  Dean  the  Middle  Limestone  is  extensively  dolomitized. 

Coming  to  the  Upper  Limestones ;  at  Clifton  it  is  diflScult  to  draw 
the  line  at  which  the  series  should  commence,  as  there  is  little 
alteration  in  the  structure  from  that  of  the  Middle  Limestones. 
Corals  are  more  numerous,  coarse  oolitic  beds  appear,  and  the  beds 
become  mixed  with  Millstone-grit  In  the  Forest  of  Dean  the  upper 
stage  is  well  and  clearly  defined  by  two  characteristic  limestones 
known  as  *  Crease '  and  '  Whitehead.'  The  former  of  these  has 
become  partially  crystallized,  but  in  some  beds  shells  of  Productus  are 
numerous,  and  also  Calctspharee. 

The  Millstone-grit  is  about  900  feet  thick  in  the  Bristol  Coal-field, 
and  is  a  hard,  blightly  pink-coloured  quartzite.  In  the  Forest  of 
Dean  it  is  about  270  feet,  and  is  a  loose  yellow,  red  and  mottled 
sandstone  made  up  of  well-rounded  grains  of  quartz.  The  lowest 
beds  are  argillaceous,  and  contain  remains  of  Lejiidodendra, 
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I. — Notes  oh  thk  Gsologioal  History  of  the  Beoent  Flora. 
OF  Britain.  By  Clement  Rbid,  F.O.S.  [Annals  of  Botany, 
vol.  ii.  No.  vi.  August,  1888.] 

WE  are  glad  to  be  able  to  direct  attention  to  this  important 
paper,  which  records  the  plants  obtained  in  this  country 
from  Preglacial,  Interglacial,  and  Postglacial  deposits.  By  means 
of  investigations,  which  Mr.  Beid  has  for  some  years  carried  on  with 
great  assiduity,  he  hopes  to  show  what  plants  are  truly  native,  what 
variations  of  climate  they  show,  and  the  geographical  distribution  of 
the  living  species  in  past  times.  In  the  meanwhile  he  publishes  an 
account  of  the  material  at  present  obtained,  and  this  it  is  hoped  may 
stimulate  others  to  pay  attention  to  the  subject  of  the  geological 
history  of  the  Becent  flora. 

The  Preglacial  deposits  from  which  plants  have  been  obtained, 
belong  to  the  Cromer  Forest-bed,  which  underlies  all  the  Glaciid 
deposits,  and  forms  the  highest  portion  of  our  Pliocene  formation. 
The  Interglacial  deposits  include  beds  which  underlie  Boulder-clay, 
but  are  newer  than  the  Cromer  Forest-bed,  and  with  them  is 
classed,  for  the  sake  of  convenience,  the  bed  with  Arctic  plants 
(discovered  by  Dr.  Nathorst)  that  underlies  the  lowest  Boulder-clay 
in  Norfolk.  The  Postglacial  group  includes  the  **  submerged  forests," 
and  contemporaneous  upland  deposits ;  raised  marine  deposits,  like 
the  Clyde  beds ;  and  beds  with  Arctic  plants,  lying  directly  above 
the  latest  Boulder-clay  of  the  district  Only  those  species  are 
included  that  date  from  a  period  previous  to  the  Roman  occupation. 

The  different  localities  from  which  Interglacial  plants  have  been 
obtained  are  nearly  all  in  Scotland,  and  the  most  interesting  deposits 
are  those  found  at  Redhall  and  Hailes  quarries,  about  three  miles 
from  Edinburgh,  where  a  large  collection  of  specimens  has  been 
obtained  by  Mr.  James  Bennie. 

The  following  is  a  list  of  the  species  recorded  by  Mr.  Beid  : — 


SraciBS. 


Pre- 
glacial. 


Inter- 
glacial. 


Pott- 
glacial. 


Thalictrum  minus  ?  Linn.    ... 

flavum^  Linn. 
Ranunadus  cujiuitilis^  Linn. ... 
^~—^.^  sceleraius^  Linn.     ... 

flammulay  Linn.    ... 
— —  lingua^  Linn. 

-  repenst  Linn. 
Caltha  palustrist  Linn. 
Nuphar  luUum^  Linn. 
Lychnis  diurna^  ^xh'Ca, 

floS'Cuculi^  Linn.    ... 

Sieliaria  aquatica^  Scop. 
— —  medial  Linn. 
Oxaiis  acetosella,  Linn. 
Prunus  communis  J  Huds. 

-^  paduSf  Linn. 

Ruhu  idauSf  hirm 

•/rulicosus,  Linn.    ... 

Potentilla  tormentilla  ?  Neck. 
—  comarum^  Linn.    ... 


X 

X 


... 

X 


•  •* 

X 

•  •  • 

•  •  • 

X 


... 

X 

I*. 
•  •• 


X 
X 

X 
X 

*•  • 

X 
X 

X 
X 

X 
X 
X 


X 
X 

X 

X 

X 


X 
X 
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/WtriHin  ^cinalt.  Hook. 
Uiffatrii  vilgarii,  Litm. 
MyriBphyllim  spUalttm,  Linn. 

'^afa  nalani,  Linn 

Aptum  nadifiornm,  Reidl.     ... 

Carum  caitu,  Linn 

lEmiHlAe  iatkiHalii,  Gmdin. ... 
J'tmeiianuwi  paluiln,  Mcench. 
CfTHits  saHgumta,  Linn, 
Samitaiu  nigra.  Lion. 
Valeriana  officinalis,  Unn.      ... 
Mupatarium  cannabimtm,  Linn. 
BidtitsaniMa,UnBL. 

trifarlila,  Linn. 

'itaria  tnoJera,  Linn. 
Sfnttie  iylvaliiu!,  Linn. 
Cardmii  lancifiaiHS,  Linn.     ... 

Dear  io  folnstrii,  HoRin. 

J.aptana  tommunii,  Linn. 
Ltonladon  anlumnalis,  LJnn. ... 
TaraxacHm  stfianaU,  Web.   ... 
AtmcAiu  aremiis,  Linn, 
Arttaitafkylo!  uva-urii,  Sprei^. 
SttHj/anlkts  trifftiala.  Lion.  ... 
MyeioHi  Hniulata,  Lehra. 
SoTliia  edmlilt),  Huds. 
FtJietilans  fialuitrii.  Lion.  ... 


pTvmdla  vul^arii,  Linn. 
Stachys  faluilrii,  Linn. 
GaltBpsit  lilTakil,  Linn. 
Atripla  patuta,  Linn. 
Aui/a  mantima,  Dum. 
PolygnHMm  ovitnlart,  Linn.  ... 

prrsiiaria,  Linn.      ... 

Xutnex  maniiBiKs,  t-inn. 

oSlun/aiius,  Linn.     .. 

erispHi,  Linn. 

Euphorbia  kelioicopia,  Linn.  ... 
amyrdahida,  Linn. 

tVlBW,  ip 

i'(/«(/o  a/aa,  Linn 

Alnus  glutinoia,  Linn. 
Ceryttti  avHlana,  Linn. 

^««-™j  ™4sr,  Linn 

Catlnnra  iairva.  Mill, 
-flwwj  sylvaliea,  Linn. 

Salijc  ciHtrea,  Dnn 

r^ij,  Linn. 

fuTbaeta,  Linn 

/oii™,  Wohlb.       ... 

Raiptlrum  nigrum,  Linn. 
CiralephytlHm  dfmcrmm,  Linn. 
r«n»i  Awro/o.  Linn 

ijrivtslris,  Linn, 

—  ofcff,  Linn 


^t., 
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Spbcibs. 


yuncuSf  sp. 

Sparganium  ramosum^  Curtis. 
Alisma  plantago^  Linn. 
Potamogeton  rufucens^  Schrad. 

heterophyllus^  Schreb. 

— ^—  lucenSf  Linn. 

prahngus^  Wulf.    ... 

pfi'foliatus^  Linn.     ... 

crisfms,  Linn 

pusiiluSf  Linn. 

trkhoides^  Cham. 

ptctinatus^  Linn. 

Zannichdlia  palustris^  Linn. 
Eleocharis palustris,  R.  Br.   ... 
Scirpus pauciftorus^  Liphtf.    ... 
caspiUfsus^  Linn.     ... 

fluUans^  Linn. 

setaceus^  Linn. 

lacustris^  Linn. 

marUinuiSf  Linn.    ... 

Eriophorum  angusH/oHum,  Roth. 
Cladium  germanicum^  Schrad. 

Carex  dwica^XAVLVi 

—  echinata^  Murr. 

canescensy  Linn. 

panicea^  Linn. 

yfovo,  Linn. 

paludosat  Good. 

riparia^  ?  Curtis    ... 

rostrtUa^  Stokes 

Anthoxanihum  odoraium^  Linn. 

AgrosHsy  sp 

Holcus  lanatus,  Linn. 
PhragniiUs  communis^  Linn. 

/Va  triviaiis,  Linn 

Osmunda  regalis^  Linn. 
Isoita  lacustrisy  Linn. 


•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 


•  •• 

•  •  • 


Pre- 
flacial. 


Inter- 
glacial. 


Post- 
glacial. 


•  •  • 

•  •  • 

•  •  • 


•  •• 

X 
X 

•  •  • 

X 
X 

X 


•  •  • 

•  •• 

•  •  • 


•  •  • 

•  •• 

•  •  • 


X 
X 
X 

X 
X 
X 

•  •  • 

X 

•  •  • 

X 


X 

X 
X 


X 
X 
X 
X 


X 

X 


X 
X 


X 


X 
X 


X 
X 

X 
X 
X 


X 
X 

•  •  • 

X 

X 


X 
X 


NymphcBa  alba,  Linn.,  from  the  Cromer  Forest-bed  Cratagui 
oryaeantha,  Linn.,  Postglacial ;  Fraxinvs  excelsior,  Linn.,  Post- 
glacial ;  Scutellaria  galericulata,  Linn.,  Interglacial  ;  and  Hordeum 
diitichum,  Linn.,  have  been  recorded,  but  Mr.  Reid  considers  the 
evidence  too  doubtful  to  justify  their  insertion  in  the  above  list 

It  should  be  mentioned  that  the  terms  Preglacial,  Interglacial, 
and  Postglacial  are  used  provisionally,  and  for  the  sake  of  con- 
venience, because  at  present  it  is  not  always  possible  to  separate  the 
Pleistocene  from  the  Recent  deposits.  H.B.W. 

II. — Geological  Survey  Memoihs. —  (1.)  The  Geology  of  North 
Cleveland.  By  George  Barrow,  F.G.S.  8vo.  pp.  101.  Price 
U.  Gd.     (London,  1888.) 

IN  this  memoir  we  have  a  description  of  the  Yorkshire  coast  from 
Whitby  to  Redcar,  and  of  the  northern  part  of  the  Cleveland 
district.    Strata  from  the  Red  Marls  of  the  Trias  to  the  Kellaways 
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Rock  are  described,  together  with  Glacial  and  Po8t-glacial  deposits; 
and  there  are  notes  on  the  Cleveland  dyke,  an  augite-andesite, 
whose  intrusion  took  place  probably  in  Tertiary  times. 

The  Oolitic  hills  attain  an  elevation  of  1078  feet  on  Guisboroogh 
Moor,  while  on  the  coast  Boulby  or  Rockcliff,  formed  mainly  of 
Lias,  is  nearly  700  feet  high. 

The  lower  beds  of  the  Lias  have  been  proved  in  borings,  but  are 
only  exposed  at  the  surface  in  the  "soars"  seen  at  low-tide  off 
Bedcar.  These  beds  were,  however,  described  in  such  detail  by 
Prof.  Tate,  that  our  knowledge  of  the  palaeontology  is  very  falL 
The  higher  beds  of  the  Lower  Lias,  with  Ammonites  Jamesont,  A. 
capricomuSf  etc.,  are  briefly  described,  more  detailed  descriptions  of 
the  strata  having  been  given  in  the  Survey  Memoir  on  the  country 
between  Whitby  and  Scarborough. 

From  an  economic  point  of  view  the  most  important  portion  of 
this  Memoir  is  that  dealing  with  the  Ironstone  Series  of  the  Middle 
Lias,  full  details  of  which  are  given  by  Mr.  Barrow.  In  the  Upper 
Lias  the  Alum  industry  is  now  practically  extinct,  while  the  intro- 
duction of  Spanish  Jet  has  almost  entirely  stopped  the  local  Jet- 
mining.  The  Ammonites  furnish  material  of  much  interest.  Mr. 
Barrow  observes  that  a  perfect  series  can  be  foond  to  show  the 
gradual  transition  of  Am,  communis  to  the  extreme  types  of  A, 
crassus  and  A,  Holandrei:  facts  which  will  not  be  disputed  by 
those  familiar  with  the  variable  forms  obtained  in  the  South  of 
England.  The  doubtful  identification  of  A.  elegans,  Toung  and  Bird, 
with  A.  concavuSf  Shy.,  is  at  any  rate  interesting,  while  the  occur- 
rence of  A,  radians  (?),  Rein.,  in  the  Alum  Shale,  is  also  noteworthy. 

The  variable  *'  Dogger,**  the  base  of  the  Inferior  Oolite,  occurs  on 
top  of  the  Alum  Shale,  and  is  ferruginous  and  pebbly — the  *  pebbles/ 
it  is  considered,  being  waterwom  nodules  from  the  Lias.  Among 
other  fossils  BhynchoneUa  cynocephalaj  R,  tetrahedra,  and  Terebratula 
punctata  are  recorded  from  the  Dogger  in  Whitecliff  Beck. 

The  Estuarine  Series,  grouped  with  the  Inferior  Oolite,  includes 
representatives  of  the  Eller  Beck  Bed  and  the  Grey  Limestone 
Series.  The  Cornbrash  is  poorly  represented,  while  the  Kellaways 
Rock  is  well  shown,  and  yields,  among  other  fossils,  Avicula  braam- 
huriensisy  a  form  characteristic  of  the  marine  bands  in  the  Estuarine 
Series  below. 

The  Drift  obliterates  all  but  the  most  strongly  marked  geological 
features  of  the  country.  It  becomes  very  thin  at  heights  of  600  feet 
above  sea-level,  and  disappears  altogether  above  850  feet.  Mr. 
Barrow  concludes,  that  the  ice  must  have  ground  over  the  rocks  with 
no  slight  force  is  proved  by  the  fact  that  at  Eston  Hill  a  strip  of  the 
Main  Seam  (Middle  Lias  Ironstone),  some  150  yards  long,  50 
broad,  and  11  feet  thick,  has  been  bodily  lifted  up  the  face  of  the 
hill  to  a  point  about  150  feet  above  its  natural  outcrop.  It  is  also 
interesting  to  learn  that  the  Drift  deposits  have  blocked  the  old  Pre- 
glacial  valleys  and  forced  the  streams  to  form  new  channels,  which 
they  have  cut  out  through  deep  gorges  in  the  solid  rock,  in  pre- 
^lipence  to  re-excavating  their  old  course  through  the  Boulder-clay. 
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III. — Gkolooioal  Survey  Memoibs. — (2.)  The  Oeoloot  of  tue 
Country  around  Lincoln.  By  W.  A.  E.  Usshkr,  F.G.S.,  A.  J. 
Ju£bs-Browne,  B.A.,  F.Q.S.,  and  Aubrey  Strahan,  M.A., 
F.G.S.  (In  Part  from  Notes  by  W.  H  Penning,  F.G.S.,  W.  H. 
Dalton,  F.G.S.,  and  A.  C.  G.  Cameron.)  8vo.  pp.  218.  Price  30. 
(London,  1888.) 

A  LARGE  area  is  described  in  this  Memoir,  including  the  country 
around  Tuxford,  Gainsborough,  Lincoln,  Market  Rasen, 
Wragby,  and  Horncastle. 

The  rocks  exposed  range  from  the  Bunter  pebble-beds  to  the 
Chalk,  together  with  Glacial  and  Post-glacial  deposits. 

The  various  divisions  are  described  in  detail,  and  their  chief 
palasontological  features  are  pointed  out  The  junction  of  the  Lower 
and  Middle  Lias,  nowhere  well  marked,  is  now  usually  taken  by  the 
Survey  at  the  base  of  the  zone  of  Ammonites  margaritattu,  and  above 
that  of  A,  caprieomus.  It  appears,  however,  that  in  Lincolnshire 
and  Yorkshire  the  two  species  of  Ammonites  occur  sometimes  together. 
While  the  fossils  of  the  Lias  are  many  of  them  noted  with  the 
accounts  of  the  strata,  those  from  the  Inferior  Oolite  (Basement  Beds 
and  Lincolnshire  Limestone)  and  the  Great  Oolite  Series  are,  with 
few  exceptions,  enomerated  only  in  the  Appendix,  so  that  we  have 
to  turn  away  from  the  barren  account  of  the  rocks  to  learn,  if  possi- 
ble, the  prominent  fossils  which  they  yield.  From  the  Inferior 
Oolite  two  species  of  Ammonites  are  recorded,  A.  Sotoerbyi  and  A. 
IcBvitiscnlm.  The  Cornbrash,  Eellaways  Rock,  and  Oxford  Clay 
appear  here,  as  elsewhere,  to  be  intimately  connected. 

Ammonites  Bakeria  and  A.  macrocephalus  are  recorded  from  the 
Cornbrash.  This  formation  is  separated  from  the  Eellaways  Rock 
by  a  few  feet  of  black  shales,  grouped  with  the  latter,  although 
regarded  as  homotaxial  with  the  "  Avicula  Shales "  or  Cornbrash 
Clay  of  Yorkshire.  The  following  species  are  recorded  from  the 
Upper  Oxford  Clay  near  Bardney,  forming  an  interesting  assemblage: 
Ammonites  perarmatus,  A.  biplex,  A,  macrocephalus,  A,  cordatuSf  A, 
plicatilis,  etc. 

The  Lower  Cretaceous  or  Neocomian  rocks  include  the  Spilsby 
Sandstone  and  the  Tealby  Beds.  The  Spilsby  Sandstone  contains 
many  derived  fossils,  while  among  those  regarded  as  indigenous,  are 
Ammonites  Kcenigi,  A,  mutabilis,  etc.  The  overlying  Tealby  Beds  are 
divided  as  follows  :  — 

Tealby  Limestone. 
Tealby  Clay. 
Claxby  Ironstone. 

These  two  groups  belong  to  the  Speeton  Series,  and  they  rest 
unconformably  on  the  Kimeridge  Clay,  and  are  overlain  unconform- 
ably  by  the  Carstone. 

The  Carstone  is  found  to  be  made  up  very  largely  of  the  rolled 
and  washed  debris  of  the  Neocomian  clays,  or  where  the  Carstone  is 
missing,  the  Red  Chalk  is  found  to  contain  fossiliferous  nodules 
derived   from   the  same  source.     Evidence  is  brought  forward  to 
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show  that  the  Caratone  and  Bed  Chalk  indeed  pass  upwards  one 
into  the  other. 

The  various  divisions  of  the  Chalk  are  described,  as  well  as  of 
Olaoial  and  Recent  deposits.  Numerous  records  of  well-sections  and 
borings,  and  an  account  of  mineral  springs  are  given  in  the  Appendix. 


IV. — I.  Etudes  sur  l'Histoire  PALtoNTOLOOiQUs  dxs  OHGULts.— 

II.     Le    DiVELOPPEMENT    DES    EqUIDjB.       III.    BhINOOSRIDJI    IT 

Tapiridjb.    By  Marie  Pavlow.     Bull.  Soa  Imp.  Nat.  Mosooa, 
1888,  pt.  1,  pp.  135—180,  pis.  L  ii. 

THE  well-known  researches  of  Eovalewsky  npon  the  evolution  of 
the  Ungulata  are  now  being  continued  in  Moscow  by  Madame 
Marie  Pavlow ;  and  the  present  memoir  is  the  second  instalment  of 
results  already  obtained.  The  greater  portion  of  the  memoir  and 
the  plates  relate  to  the  development  of  the  Horses ;  a  few  pages  are 
devoted  to  the  Rhinoceroses  and  Tapirs. 

Some  preliminary  remarks  upon  the  earliest  Perissodactyles  lead 
to  the  conclusion  that  the  species  already  assigned  to  the  so-called 
Hyracotherium  are  truly  referable  to  three  groups : — "  1.  Hyraeoikt- 
rium  leportnum,  Owen  =  Phenacodus  leporinua,  characterized  by 
upper  molars  with  six  rounded  tubercles,  and  by  lower  molars  with 
four  tubercles  connected  by  feebly  marked  ribs  into  two  crescents. 
2.  The  other  species  of  Hyracotherium,  except  J7I  eraspedotum,  Cope, 
must  be  placed  at  the  base  of  the  line  of  Horses.  This  genus  remains 
characterized  by  upper  molars  with  six  slightly  elongated  tubercles, 
of  which  the  contours  are  less  well  marked  than  in  the  preceding 
form ;  lower  molars  exhibit  two  distinct  crescents,  but  do  not  pos- 
sess the  double  tubercle  (aa,  Riitimeyer).  Lastly,  3.  Pachynolophut 
sill erolithi cum  (=  Hyracoth,  siderolithicum)  generically  follows  the 
Hyracotherium  proper,  and  may  be  distinguished  by  the  six  tubercles 
of  the  upper  molars  being  united  into  two  crests,  and  by  the  appear- 
ance of  the  double  tubercle  (aa  Riitim.)  on  the  lower  molars—a 
character  peculiar  to  the  Equidaa." 

A  critical  review  of  previous  researches  upon  the  evolution  of  the 
Horses  next  follows,  and  Madame  Pavlow  concludes  that  it  is  most 
unreasonable  to  suppose  that  the  Pleistocene  Horse  of  the  New 
World  was  developed  from  a  line  of  ancestors  independent  of  that 
culminating  in  the  modern  Horse  of  the  Old  World,  preferring 
rather  to  account  for  difficulties  by  a  theory  of  migration.  The 
authoress  also  adopts  the  view  of  Schlosser,  that  Palaothertum  can- 
not be  placed  in  the  direct  ancestral  line  of  the  Horse ;  and  the  genus 
Ajichilophus  is  substituted  as  the  most  likely  immediate  predecessor 
of  Anchitherium,  so  far  as  can  be  judged  from  known  forms.  An 
interesting  discussion  of  the  teeth  and  limb-bones  of  Htpparion  also 
results  in  the  conclusion  that  that  genus  cannot  be  regarded  as  a 
direct  ancestor  of  Equus.  Madame  Pavlow  points  to  the  plicated 
character  of  the  enamel  folds  and  the  distinct  separation  of  an  antero- 
internal  denticle  in  the  teeth  of  Htpparion,  and  considers  that  this 
genus  bears  the  same  rel«ition  to  the  Horse  that  Elasmotherium  holds 
with   respect   to   the  Rhinoceros.     **  The  teeth  of  Anchitheriumf  in 
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tbeir  development,  have  had  no  need  of  passing  by  the  stage  of 
Hipparion  to  arriye  at  £quus ;  their  evolution  in  this  direction  has 
given  the  form  of  the  teeth  of  MeryhippuB,  Protohippus  and  Equus,  in 
the  proper  sense  of  the  name ;  and  in  this  chain,  it  has  not  been 
necessary  for  any  of  the  essential  parts  of  the  molars  to  disappear  in 
order  to  re-appear  later,  or  to  develop  parts  completely  new  and 
different ''  Hipparion,  indeed,  is  to  be  looked  upon  as  ''  a  form 
which  became  separated  from  the  direct  Equine  series  before  the 
evolution  of  the  Lquus-type  was  complete,  and  perhaps  even  before 
Anchitherium  aurelianense,*^ 

A  study  of  the  milk-teeth  of  the  successive  genera  supposed  to  be 
ancestral  to  the  Horse  seems  to  lead  to  at  least  three  conclusions,  as 
follow :  —**  1.  The  milk-molars  are  not  a  repetition  of  the  premolars 
of  the  preceding  form,  but,  on  the  contrary,  foreshadow  the  premolars 
of  a  new  form  which  is  to  follow ;  2.  The  difiference  between  the 
milk-teeth  and  the  premolars  of  one  and  the  same  form  is  greater  in 
proportion  to  its  antiquity ;  3.  The  resemblance  between  the  milk- 
teeth  and  the  premolars  in  two  successive  forms  is  closer  in  propor- 
tion to  their  antiquity." 

A  table  showing  the  known  geographical  and  geological  distribu- 
tion, with  the  supposed  relationships,  of  the  several  Equine  genera  is 
appended ;  and  Madame  Pavlow  promises  to  supplement  the  work 
shortly  by  a  memoir  upon  the  Pleistocene  horses  of  Russia. 

The  section  (III.)  upon  the  Rhinocer[ot]id89  and  TapiridsB  is 
mainly  a  synopsis  of  the  literature  of  the  subject ;  and  this  appears 
to  show  that  Systemodon,  of  the  North  American  Eocene,  is  an 
immediate  predecessor  of  the  families  under  discussion,  while 
HyrachyuB  also  is  a  missing  link.  A.  S.  W. 


COI2rI2rESI^02SriDE2SrCE. 


A    PLEA    FOR    A    UNIFORM    SYSTEM    OF   ABBREVIATION   WHEN 

QUOTING  SCIENTIFIC  PERIODICALS. 
Sib, — It  would  be  not  only  a  great  convenience  to  scientific 
students  in  general,  but  a  much  more  satisfactory  proof  of  the 
acquaintance  of  an  author  with  the  book  he  refers  to,  if  some 
uniform  system  of  abbreviation  were  adopted  when  quoting 
scientific  literature.  It  is  exceedingly  perplexing  to  find  variants 
in  the  abbreviation  of  a  book-title,  and  has  often  caused  consider- 
able trouble  and  annoyance  to  those  coming  across  them  for  the  first 
time.  A  few  years  ago  writers  had  some  excuse  for  these  and 
similar  carelessnesses,  inasmuch  as  no  list  of  abbreviations  had  then 
been  published,  but  when  in  1874  W.  Whitaker  and  W.  H.  Dal  ton 
issued  the  first  volume  of  the  Greological  Hecord,  they  gave  an 
excellent  list  of.  abbreviated  titles,  supplying  the  want  of  a  book 
of  reference,  and  leaving  no  excuse  for  "sloppy"  quotation. 
This  list  has  been  further  enlarged  and  improved  in  the  volume  for 
1880-84,  just  issued,  and  may  be  taken,  with  very  few  exceptions,^ 
as  an  absolutely  safe  set  of  abbreviations,  each  being  distinct  and 

^  It  is  always  advisable  to  quote  the  plae4  of  pablicatioii  in  full  in  a  scientific  title. 
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definite.  In  the  November  Number  of  the  Gkological  Magazini 
one  cannot  help  being  struck  by  the  Blip-shod  system  of  referenoe 
used  by  two  of  the  writers;  e.g.  "Tsch.  Min.  Mitt."  is  absolotely 
meaningless  except  to  those  who  know  the  book;  ''Bull.  Imp. 
Mosc."  may  refer  to  any  Moscow  society  as  no  definite  one  is  quoted. 
Another  source  of  inconvenience  is  seen  in  the  referenoe  to 
authors : — Prof.  Judd,  Prof.  Bonney,  Mr.  Teall,  etc.,  for  example, 
how  much  more  definite  would  it  be  to  refer  to  these  and  any  writer 
by  initials  as  J.  W.  Judd.  T.  G.  Bonney,  J.  J.  H.  Teall  ?  We  find 
much  fault  with  our  French  and  German  colleagues  for  the  vexations 
system  of  printing  surnames  only,  thus  causing  endless  misquotation 
and  confusion  in  library  cataloguing,  and  yet  ourselves  permit  it  in 
our  own  scientific  publications.  The  perfection  of  quotation,  on 
the  other  hand,  is  seen  on  pp.  496-501  of  the  same  number  of  the 
Geological  Magazine,  and  proves  unmistakeably  that  the  writer 
is  familiar  with  the  books  he  refers  to.  C.  Davibs  Shkbbobn. 


CONE-IN-CONE   STRUCTURE  IN  A  COAL-SEAM. 

Sir,  — What  is  commonly  known  as  "  cone-in-cone  coal "  or 
"  crystallized  coal "  has,  I  presume,  nothing  to  do  with  true  cone>in- 
oone  structure  here  referred  to.  Through  a  friend  of  the  writer's,  a 
small  concretionary  mass  of  iron  pyrites  taken  from  the  "Roaster" 
coal-seam  near  Ash  by-de-la- Zouch,  Leicestershire,  has  come  into  his 
hands  for  examination.  Externally  the  specimen  has  very  much  the 
aspect  of  a  roughly  rounded  pebble,  and  is  nearly  black  in  coloar, 
measuring  1^  inch  in  diameter,  and  about  f  inch  thick  vertically. 
Having  had  the  stone  cut  horizontally  through  the  middle,  oone-in- 
cone  structure  showed  itself  in  places  around  the  outside ;  in  fact, 
the  specimen  appears  to  be  nearly  wholly  made  up  of  the  same 
structure,  though  only  at  all  well  developed  near  the  surface. 

Whether  the  theory  put  forward  by  Mr.  John  Young.  F.G.S.,  of 
Glasgow,  and  published  in  this  Magazine,  can  or  cannot  accoimt 
for  the  cone  structure  here  seen,  I  leave  others  to  judge;  merely 
remarking  that  in  my  opinion  some  other  explanation  of  the  phe- 
nomenon must  be  found.*  W.  S.  Gresley,  F.G.S. 

obittj.a.:r"X" 

PROFESSOR  THEODOR   KJERULF. 

BouN  March  30th,  1826  ;   Died  Octobeb  25th,  1888. 

We  regret  to  record  the  death,  in  Christiania,  his  native  city,  of 
Prof.  Theodor  Kjerulf,  after  a  lingering  illness.  He  was  brought 
up  and  educated  in  Christiania,  and  after  the  completion  of  his 
University  studies,  spent  some  time  in  Iceland ;  he  then  went  to 
Germany,  where  he  studied  in  the  laboratory  of  Bunsen,  and  at  the 
same  time  pursued  some  geological  investigations  in  the  Harz  and 
Tyrol.     Returning  to  his  native  city,  he  commenced  the  study  of  the 

'  See  W.  S.  Gresley,  Note  on  "  Cone-in-Cone  "  Structure,  Geol.  Mao.  1887, 
p.  17.  John  Young:  on  *' Cone-in-Cone**  Structure,  Geol.  Mao.  1885,  p.  2J^3. 
Trof.  J.  S.  Newberry  on  *' Cone-in-Cone"  Structure,  Geol.  Mao.  1885,  p.  559. 
Tohn  Young's  reply  to  Prof.  Newberry,  Geol.  Mao.  1886,  p.  139. 
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marvelloiis  geological  structure  of  the  Cbristiania  basin,  of  which  the 
results  appeared  in  the  work  entitled,  "  Das  Christiania-Silnrbecken, 
chemisch-geognostisch  Untersucht"  (1855).  In  1858,  Ejerulf  became 
Professor  of  Geology  in  the  University  of  Cbristiania,  and  shortly 
afterwards  he  initiated  and  organized  the  Oeological  Survey  of  Nor- 
way, to  which  he  was  appointed  Director,  and  he  continued  to  hold 
this  post  as  well  as  the  University  Professorship  till  his  death. 

Dr.  Ejerulf 's  most  important  work  in  connection  with  the  Geo- 
logical Survey,  entitled  "  Udsigt  over  det  sydlige  Norges  Qeologi," 
appeared  in  1879.  In  this  the  results  of  20  years'  observations  of 
the  Survey  in  the  Southern  part  of  Norway  were  summarized.  The 
work  was  accompanied  by  an  atlas  of  39  plates  and  a  geological 
map,  and  it  is  a  mine  of  facts  relating  to  the  rock-formations  of  this 
country — from  the  Archaean  gneiss  to  the  Post-Glacial  clays — their 
history,  the  fossils  contained  in  them,  the  age  and  character  of  the 
eruptive  rocks,  etc.  Dr.  Ejerulf  was  also  the  author  of  numerous 
other  important  papers,  mainly  on  the  geology  of  Norway,  which 
appeared  at  intervals  between  1855-1885.  Amongst  these  may  be 
mentioned,  "Ueber  die  Geologic  des  Siidlichen  Norwegens,  mit 
Beitragen  von  Tellef  Dahll,  1857 ;  '*  "  Veiviser  ved  geologiske  ex- 
cursioner  i  Cbristiania  omegn,  I860 ;  "  and  "  Ueber  die  Terrassen  in 
Norwegen  und  deren  Bedentung  fiir  eine  Zeitberechnung  bis  zur 
Eiszeit  zuriick,"  of  which  an  English  translation  was  made  by 
Marshall  Hall  (Geol.  Mag.  1871,  pp.  74-76).  Dr.  Ejerulf,  in  his 
"  Meraker  profilet,"  and  in  several  other  Memoirs,  has  fully  described 
the  very  interesting  series  of  older  PalaBozoic  and  ArchsBan  rocks  in 
the  district  around  Trondhjem,  Roraas,  etc.  He  was  deeply  inte- 
rested in  the  glacial  phenomena,  so  strikingly  shown  in  Southern 
Norway,  and  in  addition  to  several  papers  of  his  own  on  this  sub- 
ject, was  associated  with  Dr.  M.  Sars  in  writing  the  *'  lagttagelser 
over  den  Postpliocene  eller  Glaciale  formation  1  en  del  af  de  sydlige 
Norge,  I860." 

Dr.  Ejerulf's  services  to  Geological  Science  were  known  and 
appreciated  far  beyond  his  native  land.  He  was  chosen  a  Foreign 
Correspondent  of  the  Geological  Society  of  London  in  1864,  and 
Foreign  Member  in  1875. 


THE  LATE  W.  H.  BAILY,  F.LS.,  F.G.S. 

Sir, — In  the  Obituary  of  Mr.  Bally,  which  appeared  in  the  Gbolooical 
Maoazinb  for  September  last,  p.  431,  the  List  of  hiB  Works  was  omitted.  I  now 
send  it  for  favour  of  insertion. — H.B.W. 

1855. — z.  Description  of  some  Cretaceous  Fossils  from  South  Africa,  collected  by  Captain 
Garden,  Quart.  Journ.  Geol.  Soc.  vol.  xi.  pjp.  454-465. 

2.  Description  of  Fossil  Invertebrata  from  the  Crimea,  0/.  o'/.  vol.  ziv.  pp.  X3VX63. 

3.  On  a  Crustacean  from  the  Coal-measures,  with  some  remarks  on  the  genus  Limu/us, 

Journ.  Dublin  Geol.  Soc.  vol.  viii.  pp.  89-91 ;  Nat.  Hist.  Rev.  vol.  v.  pp.  168-171. 

4.  m>tice  of  Upper  Silurian  Fossils  trom  Ballycar  South,  county  of  Clare,  Journ. 

Dublin  Geol.  Soc.  vol.  viii.  pp.  Z09,  xio;  Nat.  Hist.  Rev.  vol.  vi.  pp.  72,  7^. 

5.  On  Carboniferous  Limestone  Fossils  from  county  Limerick,  Rep.  Brit.  Assoc,  for 

1857,  Sections,  pp.  62,  63. 

6.  On  Fossil  Localities  near  Droeheda,  Journ.  Dublin  Geol.  Soc.  vol.  viii.  pp.  120-125. 
1859.— 7.  On  the  occurrence  of  detached  plates  of  the  shell  of  a  new  species  of  Chiton  in  the 

Carboniferous  Limestone  at  Lisbane,  county  of  Limerick,  Journ.  Dublin  Geol.  Soc. 
vol.  viii.  pp.  Z67-Z7X ;  Nat.  Hist.  Rev.  vol.  vi.  pp.  330-334. 
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8.  On  the  Fructification  of  Cyclopieris  Hibemica^  Forbes,  from  the  Upper  Deroaian 

or  Lower  Carboniferoat  strata  at  Kiltorkan   Hill,  county  Kilkenny,  Rep.  BriL 

Assoc,  for  1858,  Sections,  pp.  75i  76.  ^  ,     , 

1860—9.  On  a  new  species  of  PenUcrinite  from  the  Oxford  Clay,  Weymouth,  Dorsetshire, 

Dublin  Zool.  Bot.  Assoc.  Proc.  vol.  ii.  pp.  i9->3> 

10.  On  fossil  Ckiionidm  and  their  distribution  in  geological  time,  Dublin  Zool.  Bot 

Assoc.  Proc.  vol.  ii. pp.  40-47. 
IX.  On  a  new  species  of  Solarium  from  the  Upper  Greensand  near  Dorchester,  Doblia 

Zool.  Bot.  Assoc.  Proc.  vol.  ii.  pp.  66,  67. 
xa.  On  Corynepierit^  a  new  generic  form  of  Fossil  Fern ;  with  observations  on  the 
associated  plants  from  the  Coal-measures  of  Glin,  county  of  Limerick,  Jonni. 
Dublin  Gcol.  Soc.  vol.  viii.  pp.  237-241. 
13.  On  Spkenopteri*  Hookeri.^L  new  Fossil  Fern  from  the  Upper  Old  Red  Sandstone 
formation  at  Kiltorkan  iiill,  in  the  county  of  Kilkenny  ;   with  s<mie  observatioiis 
upon  the  Fish-remains  and  other  associated  fossils  from  the  same  locality,  Rep. 
Brit.  Assoc,  for  1859,  Sections,  pp.  98,  99. 
x86a. — 14.  On  the  occurrence  of  some  characteristic  Graptolites  and  other  fossils,  indicatiaf 
certain  divisions  of  the  Lower  Silurian  rocks  in  the  counties  of  Meath,  Tipperary, 
and  Clare,  Toum.  Dublin  Geol.  Soc.  vol.  iz.  pp.  300-306. 
X863.— 15.  Baily,  W.  U.  and  A.  Carte,  Description  of  a  new  species  of  PUsicaaurut,  from  the 
Lias,  near  Whitby,  Yorkshire,  Joum.  Dublin  Geol.  Soc.  vol.  iv.  |m.  x6x-x69. 
x6.  On  two  new  species  of  Crustacea  (Bellinurui^  Koenig),  from  the  Coal-measures  in 
Queen's  County,  Ireland ;  and  some  remarks  on  forms  allied  to  them,  Ann.  sad 
Mag.  Nat.  Hist.  vol.  zi.  pp.  107-114. 
X7.  Notes  on  the  fossils  collected  by  Mr.  Wynne  in  the  counties  of  Sligo  and  Lettrim, 
Joum.  Dublin  Geol.  Soc.  vol.  z.  pp.  40,  41. 
X864.—  x8.  On  the  occurrence  of  Fish-remains  in  the  Old  Red  Sandstone  at  Portishead,  near 
Bristol,  Gbol.  Mao.  Vol.  I.  p.  293  ;  Rep.  Brit.  Assoc,  for  1864,  Sections,  pp.  49.  50. 
X865. — X9.  On  some  new  points  in  the  structure  of  FahKkinus^  Gbol.  Mag.  Vol.  II.  pp.  44,  45. 
so.  The   Cambrian    rocks   of  the   British    Islands,  with    especial  reference  to  the 
occurrence  of  this  formation  and  its  fossils  in  Ireland,  Gbol.  Mao.  Vol.  IL  pp. 
385-400. 
x866.— ax.  The  recent  discovery  of  fossil  reptiles  in  the  Coal  of  the  south  of  Ireland,  Gbol. 
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